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ABSTRACT

A computer simulation study of the launching of lower hybrid waves
by external sources and their propagation in a finite but homogeneous
plasma slab is presented. The study makes use of a 2-1/2 dimensional,
electrostatic particle code developed for simulation of bounded plasma.

A number of antenna configurations are considered: a point source, two
finite-length capacitor plates, and a phased array of capacitor platés.
When the oscillating frequency does not match a bounded plasma resonance,
one can ohserve resonance cones, energy absorption at the plasma surface,
ion cyclotron modulation of the source, and energetic ions, depending on
the parameters chosen. The excitation of a bounded plasma resonance is
also considered. The nonlinear evolution of the resonance shows that
wave-particle interactions and ponderomotive force effects play an
important role. The possibility of controlling the electron temperature

profile is discussed.
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I.  INTRODUCTION

Plasma heating by lower hybrid waves has been considered extensively
over the past decade.l—14 The technological advantages of this scheme
are: (1) RF generators exist which can deliver large amounts of power at
the frequencies required; (2) the coupling to fusion devices can be imple-
mented through waveguides which are remote from the neutron environment.
However, if this scheme is to be useful, a number of plasma physics questions
must be solved. There is the problem of effectively coupiing the RF energy
to the plasma at the edge, especially at the power levels required.z’3
Further, one must understand what happens to the wave as it propagates to
the resonance layer, especially at large wave amplitudes, where many non-
linear effects may be important.4'7 Thirdly, if the RF energy can penetrate
to the resonance region, there is the problem of what linear and/or nonlinear

1,8-12

effects occur in the lower hybrid regions. Finally, the processes by

which the energy of the wave is absorbed by the plasma, and thé subsequent
thermalization of the energy must be understood.ll‘ls
Computer simulation can be a useful tool in understanding the physics
in this problem, especially when nonlinear effects are important and are
difficult to treat analytically. Presenf day computers are not'large
enough nor fast enough, however, to handle all the different scale lengths
necessary in simulating the entire lower hybrid heating scheme. Instead,
one must at present be satisfied with simulating certain parts of the
scheme separately, such as the coupling of the radiation at the edge, or
the wave conversion in the plasma interior. One can nonetheless identify
the important kinetic and nonlinear effects in each area and thus contri-

bute to the understanding of the overall problem. As a first step in a

systematic study of the lower hybrid heating scheme, we present here a
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computer simulation study of the launching and propagation of lower
; hybrid waves by external sources and their propagation in a finite but
homogeneous plasma slab bounded on both sides by vacuum.
The computer model and simulation parameters are discussed in Sec. II.
Non-resonant oscillations excited by various sources are discussed in
Sec. III. In Sec. IV the excitation and nonlinear evolution of a bounded

plasma resonance are studied. Finally, a summary is contained in Sec. V.
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II. COMPUTER MODEL

An electrostatic particle simulation model, described in detail

35 has been developed for this study and is briefly summarized

elsewhere,
here. The two dimensional electrostatic model is periodic in one dimension
and bounded in the other. In the non-periodic dimension one can specify
the values of the potential or the normal electric field on both bound-
aries. It is also possible to specify that a vacuum exists outside the
plasma, or any combination of these conditions on each boundary separately.
External electrostatic sources (i.e. charges not belonging to the plasma)
can be added in a natural way either on the boundaries or in the plasma
interior. Finite-sized (Gaussian) particles are used throughout, and all
three velocity co-ordinates are retained in the calculations.

For the simulation results presented here, the following parameters
and conditions were specified: Vacuum boundary conditions were imposed
in the x direction on both sides of the slab. External sources, described
below, are specified on one boundary. The external magnetic field was
oriented in the periodic (z) direction with ratio of electron cyclotron to
plasma frequency ne/wpe = 1, and ion-electron mass ratio Mi/me = 64. In
most cases the ions were colder than electrons with Te/Ti = 10 (except for
the case of Fig. 4 where Te = Ti)' Particles were initially uniformly
distributed within the slab with Gaussian velocity distributions, and they
were reflected elastically from the boundaries, with the full dynamics
calculated correctly to second order in the time step At = 0.2 ”pe-l'
The reflection of particles implies that there is no mechanism for net
energy loss in the system. The size of the system in the x and z directions
was Lx/ADe = 32, l‘z“De = 128,

The external source in these simulations was determined by specifying

an external surface charge density on one boundary of the slab, oscillating
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with a specified frequency W, - Because the magnitude of the charge density
is fixed externally, such a source corresponds to a constant current driver.
In all cases, the phase of the oscillator was chosen so that the external
field was zero at t = 0, and the amplitude was kept small so that the plasma
response could be described, at least initially, by a linear theory. The
strength of the oscillator was normalized in terms of a parameter w, the
energy of the source in vacuum integrated over the plasma area A divided by
the electric field fluctuation energy of the plasma when in thermal equilib-

rium and free of external sources,

vk ez awp e 2. &)

In the computer model for the parameters chosen, the thermal electric field
fluctuation energy density is about 100 times smaller than the particle
kinetic energy density. The reason for this particular normalization is
that the plasma response is determined by the length and distribution of the

external charge, as well as its magnitude, and all these factors are included

in w.
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ITI. NON-RESONANT OSCILLATIONS DRIVEN BY AN EXTERNAL SOURCE

It is well-known that the normal modes of oscillation of a bounded
plasma form a discrete set.16 Therefore, the plasma will respond differ-
ently depending on whether or not the frequency and a wavenumber of the
spectrum excited by the source match simultaneously the frequency and wave-
number of one of the normal modes of the plasma. For perfect matching, the
electric field for the single resonant mode grows secularly with time until
some nonlinearity stops the growth . If there is a mismatch, the plasma
responds with non-resonant driven oscillations. Since a finite size driver
contains a spectrum of wavenumbers, there will generally be a response of
many non-resonant modes even when one mode satisfies the resonance condition.

The typical non-resonant plasma response to a number of "antenna config-
urations' of external sources will be considered next, along with the signifi-
cant kinetic and nonlinear effects. Special attention will be paid to the
coupling of the source to the plasma at the surface, the spatial distribution

of the heating, and the evolution of the velocity distribution.

A. Point Source Antenna and Lower Hybrid Resonance Cones

A well-known feature of the propagation of lower hybrid signals is the

: 4
existence of resonance cones. »>

These cones arise because for a given
frequency, the group velocities away from the source for all wavenumbers with
the same sign are parallel, in the cold plasma limit. In order.to clearly
observe resonance cones in a model which is periodic in one direction, it is
necessary that the cones from each of the periodic sources must interfere
constructively. In addition, the frequency and wavenumbers of the source
should not correspond to some bounded plasma mode in order to avoid a single

mode dominating the plasma response. Since a resonance cone is composed of

the sum of many Fourier modes, a point source (actually a line source in
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three dimensions) was chosen as the driver in this case, because it contains
a broad band spectrum. A driving frequency which satisfies the above condi-
tions was then chosen (mo = 2.7 wpi)' The parameter w specifying the

strength of the driver was set equal to 2/3.

The system was followed for about 11 oscillation periods; It was found
that the resomance cones were set up in about one oscillation period, but the
amplitude of the potential oscillations was rather weak. In order to see the
cones clearly, the potential at every point in space was Fourier analyzed in
time to extract the plasma response at the driver frequency g - The result is §§

shown in Fig. 1. The two cones are clearly seen, and make an angle & = 27°

with respect to the magnetic field; however, they are broader than expected
from cold plasma theory. The reason the cones are broad is that the shorter
wavelength components of the potential are quickly absorbed by electron Landau H
damping at the surface.

The resonance cones shown in Fig. 1 can be Fourier analyzed in the parallel
direction. This analysis shows that although the point source has a broad spec-
trum of wavenumbers, only the three largest wavelength modes appreciably contri- :
bute to the cones in the plasma interior. The remaining modes, whose parallel
phase velocities satisfy molkm < 2.5 Vip» are absorbed at the surface. (The
parallel wavenumber is given by km = Zm-n/Lz for integer m and Veh =JFT€7E: is
the electron thermal velocity.) :

The simulation results reveal a number of other important effects. In
Fig. 1, one can observe the dramatic potential drop due to the plasma sheath
surrounding the source. The effect of the sheath is to further reduce the
penetration of the source. Examination of the time evolution of the total
electric field energy Wog? shown in Fig. 2 and normalized to the kinetic energy

of a thermal electron by
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where iDe is the dimensionless Debye length, reveals another interesting
kinetic effect. Superimposed on the driven oscillations, there is a modula-
tion of the pump at twice the ion cyclotron frequency ni, which manifests
itself as a modulation of the electric field energy at 491. For all the
non-resonant cases studied, a modulation at the ion cyclotron frequency or
its first harmonic was observed whenever the physical length of the driver
was comparable or smaller than the ion Larmor radius. Although this modula-

tion effect needs further study, it is probably due to ion kinetic effects

(ion Bernstein modes) being excited in the sheath region, perhaps due to the

sudden turning on of the pump.
The kinetic energy of each species a is normalized in the same manner

as the electric field energy, according to

iD2 !

PR 3 2
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where the sum is over the particles of species a. The evolution of the
electron kinetic energy We (Fig. 3) shows a net energy gain of about 5% 7

after 11 oscillation periods, with the gain all due to the increase of

parallel velocity. The slight undulations in the growth coincide with the I

ion cyclotron harmonic modulation noted previously. The distribution of
energy was not spatially uniform, however. The parallel thermal velocity

of electrons confined to the region near the source increased by 20%,

whereas the thermal velocity of particles on the opposite side of the slab
increased less than 2%. Although a few fast electrons were formed, the
heating occurred mainly in the bulk of the velocity distribution. The rate

of energy gain of the cold ions, also illustrated in Fig. 3, was given by




T, R, =85
(mpeTe) % 7x107° (4)
This is about the same rate observed when no source is present. Further,®
the energy of the ions stayed spatially uniform. This indicates that the
energy gain of the ions must have been due to collisional heating with the
warm electrons. The driving frequency in this case was too high for much

direct ion response.

B. Short Capacitor Plates as Antenna

For the case of the point source, it is apparent that electron Landau
damping at the surface plays an important role in the excitation of lower
hybrid waves in the plasma interior. This "filtering" effect of the plasma
surface is even more dramatically demonstrated here, where two short capacitor
plates oscillating out of phase are used as the external source. The frequency
(wo = pri) and length of the source was chosen so that the wavenumber spectrum
had a maximum around those modes whose parallel phase velocities were near the
electron thermal velocity Ven? and the strength of the driver was chosen so
that w = 4/3. The equipotential lines for the capacitor plates in vacuum are
illustrated in Fig. 4(a).

The computer plasma was followed for about 12 oscillation periods, and
the steady-state plasma response at the driving frequency is shown in Fig. 4(b).
The simulation results show that most of the modes are absorbed at the plasma
surface, and only the longest wavelength mode is able to penetrate to the
plasma interior. Figure 4(c), which shows the plasma response predicted by
cold plasma theory for the excitation of the single mode m = 1, verifies that
indeed only that mode was excited in the simulation. In other respects, such
as the presence of the plasma sheath surrounding the exciter, the modulation
of the source at the ion cyclotron frequency, and the evolution of the plasma

heating, the results here are similar to those of the point source.
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C. Phased Array of Capacitor Plates as Antenna

A phased array of capacitor plates has also been used as the exciting
structure. The frequency (mo = Zmpi) and length of each element was chosen
so that the wavenumber spectrum was sharply peaked around a single mode
whose parallel phase velocity was wo/km =1.3 Ven? which should lead to a
strong interaction of the electrons with the exciting structure. To enhance
this interaction, the strength of the driver was increased to w = 10. The
equipotential lines for the phased array in vacuum is illustrated in Fig. 5(a).
The computer plasma was followed for 12 oscillation periods, and as shown in
Fig. 5(b), there exist no driven oscillations in the plasma interior.

The major observations in this case are the familiar electron surface
heating and the presence of significant ion heating, which is also largest at
the plasma surface. The electron kinetic energy Wos illustrated in Fig. 6,
shows an energy gain of 20% after wpet = 300, mostly due to an increase in
the parallel velocity. The energy gain was localized in space to within a
few electron Larmor diameters of the source, as shown in Fig. 7.

The ion heating, on the other hand, shows a dramatic increase over
previous levels. The ion kinetic energy W also shown in Fig. 6, increases
by nearly 200% after wpet = 300. Like the electron case, the kinetic energy
distribution is inhomogeneous in space and decreases away from the source
(Fig. 7). However, unlike the situation for electrons, the energy gain for
the ions was mostly due to an increase in velocity in the X direction, per-
pendicular to the magnetic field. Furthermore, as shown in Fig. 8, energetic
ion tails are formed in the ion velocity distribution fi(vx)' The reason for
this difference in ion behavior is that the large perpendicular electric
fields near the exciting structure (Fig. 5(b)) strongly accelerate the ions
but do not affect the magnetized electrons. The magnetic field would event-

ually return the ions back to the exciter and they could be accelerated again.
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IV. RESONANT OSCILLATIONS DRIVEN BY AN EXTERNAL SOURCE

In the previous section, non-resonant driven oscillations were observed
to have generally low amplitudes inside the plasma. In this section, the
enhanced plasma response when the external source excites a bounded plasma
resonance is considered. One example is studied in detail, and particular
attention is paid to the nonlinear evolution of the system and the space and
velocity-space distribution of the plasma heating.

The dispersion relation of the bounded plasma sleb, based on a warm
electron-cold ion fluid model was calculated17 and is illustrated in Fig. 9.
Here the frequency is plotted as a function of the parallel wavenumber and
each curve corresponds to different allowable perpendicular wavenumbers. The
frequency (wo = 2.3 wpi) and length of two phased capacitor plates was chosen
so that the wavenumber spectrum peaks at a normal mode (point A in Fig. 9)
whose parallel phase velocity is about 6 Ven? and thus there would be little
electron heating initially by Landau damping. The source strength was chosen
to be w = 1.

The computer plasma was followed for 27 oscillation periods. The time
evolution of the electric field energy, illustrated in Fig. 10, shows the
secular resonant growth followed by absorption of the wave energy. Then
somewhat later, the process repeats. The external source, whose amplitude
is indicated by the arrow in Fig. 10, was kept on during the entire run.
Examination of the evolution of the total kinetic energy of each species,
illustrated in Fig. 11, shows that the energy absorption is dominatéd by

electrons.

A. Electron Dynamics

The rate of increase of the electron kinetic energy and the amplitude
of the electric field energy are found to be closely correlated, both

reaching their maximum value at “pet = 85 and their minimum value at
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mpet = 130. By examining the electron velocity distribution function, one
finds that the increase in kinetic energy is entirely due to electrons
quickly being accelerated to large velocities along the z direction, as shown
in Fig. 12. One can see that electrons having velocities as large as 10 Veh
(that is, with 100 times the thermal energy) are created by mpet = 220. This
process continues until the resonant wave has lost most of its energy.

This behavior can be understood in terms of the concept of particle
trapping. Initially there were no electrons moving close enough to the phase
velocity of the wave to be trapped. As the potential ¢, BTOWS in magnitude,

a few particles can satisfy the trapping criterion

v>%’(——2— (5)

When this happens, the wave accelerates the particles and loses some energy.
If the wave damping is small, the wave will regain this energy when the
trapped particles are later decelerated by the wave. However, if many parti-
cles are suddenly accelerated, the wave may lose so much energy that it can
no longer trap the particles, and the result is the generation of fast parti-
cles accompanied by the decay of the wave. Tail formation was observed to

occur in the simulation when

TN
w 0
gd/. = 2,5 Ven (6)

indicating that this acceleration process occurred when the wave amplitude

was large enough to begin to trap particles in the bulk of the electron

velocity distribution. A similar mechanism has been discussed by Dawson and

Shanny.l8
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A significant feature of the interaction of the electrons with the
wave is that the interaction is localized in space because the eigenmode .
(not shown) has large parallel electric fields near the boundaries. Since
the electrons are tightly bound to the magnetic field lines, it is not the
spatial distribution of the total electric field for the eigenmode but rather
the distribution of the parallel electric field which is important in acceler-
ating the electrons, even though the magnitude of the parallel electric field
is small compared to the perpendicular electric field. A graph of the electron
kinetic energy versus position in the perpendicular direction, Fig. 13, shows
that the kinetic energy profile in space follows approximately the same pattern
as the parallel electric field energy for the eigenmode (not shown).

These results illustrate a possible method for controlling the electron
temperature profile in a bounded plasma by exciting eigenmodes whose wave-
lengths are comparable to the plasma width. Specifically, since a bounded
plasma mode is determined by the plasma parameters and geometry, one can obtain
a desired temperature profile if a mode with appropriate parallel electric
field distribution is chosen. For the case illustrated in Fig. 13, about equal
electron heating on both sides of the plasma was obtained, even though the
exciter was only on one boundary. Of course, only the parallel energy is

increased.

B. Ion Dynamics

The ions do not gain much energy from the resonant wave, as one can see
from Fig. 11. The phase velocity of the excited wave is too fast to resonate
directly with the ions, and except for the increase of oscillation energy
evident in Fig. 11, the ions can only gain energy in a nonlinear fashion. The
key to understanding the behavior of the ions turns out to be the ponderomotive

force on the electrons and the resulting density depressions. Furthermore, by
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understanding the ion behavior the reason for the second increase in wave
amplitude, shown in Fig. 10, becomes clear.

Since the normal mode being excited has a strong spatial distribution of
electric field energy, the electrons feel a large ponderomotive force. The
largest component for electrons is due to the parallel gradients of the
parallel electric field energy.6 For ions the ponderomotive force is negli-
gibly small. The electrons are therefore pushed away from regions of large
parallel electric field, and the resulting charge imbalance gives rise to an
ambi-polar potential which forces electrons and ions out of the high field
regions together, leaving a density depression.

Ions streaming away from the high field regions are observed in the
simulation beginning at wpet = 100, and there is a corresponding increase in
ion kinetic energy (Fig. 11). The peak density depression occurs around
mpet = 240, and a three-dimensional view of the density (for electrons) is
shown in Fig. 14 (averaged over one oscillation period). The ion density
looks similar, although somewhat noisier. This mechanigm of ion heating has
also been observed in recent experiments investigating the focus region of
intense RF radiation above the lower hybrid frequency.19 The electrons gain
a negligible amount of energy in this manner compared with the energy they
gain directly from the wave.

Because the system is periodic in the z direction, ions from adjacent
high field regions accumulate between these regions, until a potential develops
that opposes further ion build-up. Shortly after, around wpet = 240, the ion
kinetic energy shows another jump because even though some ions are slowed by
this potential, others are accelerated even more. Thus a slowly-varying
potential modulates the ion heating, and this shows up as undulations in Fig. 11.
This type of ion heating resulted in fast tails in the parallel velocity distri-
bution for ions, with ions having velocities as large as 5 or 6 times the

background ion thermal velocity.

e
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€. Relaxation Oscillations

When the plasma density relaxes to a nearly homogeneous state (although
fluctuations have increased), around mpet = 350, the electric field returns
to resonant growth. This recurrence can be described by the term relaxation
oscillation. Although the external source has been on all this time, the
plasma density had changed so much that the source was no longer coupling to
a resonant mode. But when the density finally relaxes, a resonant mode can be
excited again. The whole process we have been describing repeats itself,
although the growth this time is not so rapid, since there are now particles
traveling fast enough to interact with the wave.

Although in the example we have been studying, it has been the sudden
acceleration of electrons which damped the resonant wave, it is conceivable
that with different parameters (such as a resonant mode with a higher parallel
phase velocity), the density modification could have ''detuned" the resonance
first, in which case the evolution of the plasma heating could have been quite
different. This possibility needs further study, because it might lead to
larger ion heating.

The plasma state at the end of the computer run has several times larger
fluctuations of density and electric field than thermal level. Frequency
analysis indicates that parametric decay to uther modes was not significant;

for the two dimensional geometry chosen, however, such decay was not expected.

o s

e e—————
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V.  SUMMARY

Summarizing the results for the non-resonant driven oscillations at
frequencies above the lower hybrid, the plasma response in the interior is
relatively small. At the surface, the plasma response is dominated by electrons.
Resonance cones can be excited in this model at certain frequencies. In all
cases a large potential drop near the exciter was observed due to the presence
of a plasma sheath. Modulation of the source at ion cyclotron harmonics by the
plasma was also observed. The plasma surface acts as a filter, absorbing those
wavenumbers whose phase velocities fall in the electron velocity distribution.
Most of the plasma heating occurs at the surface and takes the form of an
increase of electron velocity parallel to the magnetic field but without the
creation of fast tails in the velocity distribution. Ions were appreciably
heated only for relatively large amplitude exciters by being accelerated away
from the source.

The results for the resonant driven oscillations can be described as

initial growth followed by relaxation oscillations. The evolution of the

energy is dominated by electrons. The resonance is quenched by sudden tail
formation and resultant wave damping. Electron heating is localized in space
and follows the pattern of the parallel electric field energy for the

resonant mode. This offers a possibility for controlling the electron tempera-

ture profile in space by excitation of bounded plasma resonances. Nonlinear

density changes associated with the ponderomotive force are significant. Ions
gain energy by being expelled from the density cavities by the ambi-polar
potential associated with the ponderomotive force, as observed in recent

experiments. When the density relaxes, the resonant mode is excited again,

i ¢ and the process repeats.

VNI 7
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FIGURES

FIG. 1 Electrostatic potential associated with lower hybrid resonance

cones excited by point source. (ne/wpe =1, Mi/me = 64, 'l‘e/'l‘i = 10,

wO/mpe = .35, w=2/3, 2 x 42 x 192 particles, 32 x 128 grid,
particle size . vN = 1, xDe = 1)
FIG. 2 Time evolution of the total electric field energy for a point

source exciter. |

FIG. 3 Time evolution of the scaled electron (we) and ion (wi) kinetic | 1

energies for a point source exciter.

FIG. 4 Equipotential lines for:
(a) short capacitor plates in vacuum;
(b) oscillations driven by short capacitor plates as
observed in simulation; (Qe/wpe = 1. Mi/me = 64,

T/Ty = 1, wo/uy, = .25, w = 4/3, 2 x 42 x 192

particles, 32 x 128 grid, particle size a, =a, = 1,

~

Ape = 1)3
(c) oscillations driven by short capacitor plates as

predicted by fluid model.

FIG. 5 Equipotential lines for:
(a) phased array of capacitor plates in vacuum;

(b) oscillations driven by phased array of capacitor plates

as observed in simulation; (2 /w__ =1, Mi/me = 64,

e’ pe
Te/Ti = 10, wolwpe = .25, w =10, 2 x 42 x 192 particles,
32 x 128 grid, particle size S o8 . 1, ADe = 1).
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FIG. 6 Time evolution of scaled electron (we) and ion (wi) kinetic

energies for a phased array of capacitor plates.

FIG. 7 Spatial dependence of the scaled electron (we) and ion (wi)
kinetic energies perpendicular to the magnetic field (source

is at x = 0).

FIG. 8 Ion velocity distribution perpendicular to the magnetic field,
averaged over all space. Dashed curve corresponds to initial

distribution and solid curve to final distribution.

R S—

FIG. 9 Calculated dispersion relation for a plasma slab with cold ions

and Lx/ADe = 32.

FIG. 10 Time evolution of the electric field energy for the resonantly
driven case. Arrow indicates energy of exciter. (Qe/mpe =1, ' 3
Mi/me = 64, Te/Ti = 10, “o/wpe = ,28, w=1, 2 x 42 x 192

particles, 32 x 128 grid, particle size a =a, = 1, xDe = 1) |

FIG. 11 Time evolution of the scaled electron (we) and ion (wi) kinetic

energies for the resonantly driven case.

FIG. 12 Electron velocity distribution parallel to the magnetic field,

averaged over all space. Dashed curve corresponds to initial

distribution and solid curve to distribution after wave damping.

FIG. 13 Spatial dependence of the electron kinetic energy perpendicular
to the magnetic field. (Source is at x = 0.) Bottom curve
shows energy dependence after first wave damping lhd top curve

i shows energy dependence after second wave damping.

S —

FIG. 14 Electron density profile at peak density depression, averaged

over one oscillation period.




oooooooooo )
'o%oo...owu.""uuu%,o“o% 2 2/

DN \
P tﬂ"/ A\ I’/
,,%zz?zé,
.,4,/ //
1\

020130\

'l h :

T

P ATRTR e

N——— — T




AR TN 1T .

T T T
-
P
4 le—27/40,
Wef |
r

FIGURE 2

200




;
i
:

3224713,024

1200* 12,0000

FIGURE 3

1
= |
|
f 8

|

1
|
i

]
|







FIGURE §




52961 1609611111

1200

FIGURE 6




08— —T—"—T—T— 11T

FIGURE 7




1024 | i | | | ‘ 1 L) I |
I
E Iy 3
:"l ---wpetgo
p N —wpt=280 -
i 4
- R
fL(Vx)- ‘|| -
',
= h -
/ \
oL__1 A ] L 1
-05 05
Vx/Vine

FIGURE 8




1625 7 T | i s | | g |

;: FIGURE 9
$







5296~ 43,768,
Wi i We

1200™ 11,00 %

1 1 1 1 R |
We 5
p
w; -
| | i | 1 1 [ | 1
600

FIGURE 11




1024

fe (Vz)

FIGURE 12




1024 i W ST G G e G T |

welx)L >

{ FIGURE 13




1 RNOIL

i

R / /l
Wl
| NG
W

IRARDORY
Wi

XN) U/ ...¢

i

Al
W

)

OO .0\.0,
A

poi eyl




THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC

- (suaony *w'y PU® T3T030) “A"d) (S461) LO1 ‘T *'19§ AIvisuwig pus y3isg “Aey [wnuuy °,su031de13 djdeydsorsuley,,
“(29210y 3y PuP uolang "'y ‘NITES '[°3 ‘oudoyy ‘W ) (£61) 18ST ‘BL ‘*soy ‘sAydoey ‘r ‘,SSTH djdeydswmsery,,
*(Aqsser *Q puw uay) “J ‘Awg 'N'S)(ZL61) 19T ‘VZ¥ ‘3391 Aoy "sAy4 :uOYSIeA ‘puo) (w4 ‘N'S)(2L61) eunc
UOTIRIIISSIQ ‘ FWsEld MY PAUTIU0] ATTEITIoulEN ‘Peleay-2eST ¥ UL mOTj 1wl [wuipnajlucy pus o
*(rouuey *3°0) (£461) T1s VT ‘"Aoy "135 edwds ‘,s3our[q 2930 o3 O seisydsolsuley,
ot (T4 9Ty PUR SYITIPOI4 MY ‘TITW0I0) “A'd) (ZL61)
IC *"say "sAydoan ‘r ‘,$3usA3 uotadefu] Surang esnwdewsuig 9yl puodag su0l0Ig Jusaan) Jury Jo AIFLIQEISU] I1INISOIIMNN3I,
*(ueyD 4°3)(2¢61) 19 ‘T UOTSNY *2W0) Pus “SAUJ WESEI4 UO SIUGEOD °,SISE] PEIVIFU] 0] S1OY AON V.
*(ouzoyy “W'y puw suoky "y'1)
‘ soy "84ydoag ‘[ ‘., $9AWM WOXIO1I4AD-uo] 4Qq SI[ITILNG [0 UOTITTPRY Jo WOTSNIFTQ oTFUY-YIITd dFITSRIRY,,
*(31nv *3) (2¢61) 1144V ‘UOTIwIINSSIg ,.PIOYT4 d1eydsoreuley ¥ U weswl4 IUSISOIND) ‘Ielewwiq elivy,
* (suwo "N"¥) (2¢61) TTady ‘UOTINIISSSIQ ,SAWN XI0YS SSETUOTSTII0D I}INISCIIIN[F U} SIuI[ngany,
* (29yovdeyy ¥)(ZL61) YP4oW 'UOTINIINESTQ ‘., WSEId 0934-PIaty dTiouley ¥ JO JUIWAUTFUCD 9104-FIINW dTouley [al(viey,
— “(patag a'w puw
utaamy “4)(ZL61) SLTT ST SPINI4 "sdyq ‘. $9AEN ITISn0dy uO[ SW) 103 SUOTIIRINIU] @1IFaing eAsn puw Fujidno) epow,,
*(1ouuey “4°) pur yayuoao) “A'd)(Zi61) sEez ‘UL ¢ *s4ydoey *r ‘,,30(0230813 [wa0anY OY3 JO WOTINITIVIO4,,
*(131u020) “A'4 puw JofAwy ' ¥)(2L61) ¥E “6Z ‘73397 “Aey "shyg ‘.seAwN DFasnody w0l Juerngany YA Fujavey wop,
*(1ouvey ‘4°)
‘- soy “sdydoeg ‘r ‘,serariwinfazi] 10(0230013 JO TOJIUC) PUR WOTIMNPOL4 [PUINING,,
ou *(931un “9°¥) (2461 Atenusr ‘, vuseg snosuslomoyu] uw uj WoTIedf idey eswy,
Suow" A"V puw [97uels “¥)(ZL61) ¥4 ‘BT ‘°3391 ‘Aey 'sAyg ‘,LITITQRISU] ABO8Q J1II0WRINg SYI JO UOTININING PUW PIOYSEIYL,
“(petag “are)( T1Z ‘S *"sAyq vWs®lq ‘APY ‘LSURIOTI9109yL 103 $27s5Ayd weseld [viuswiiedxg pur [wuoiiwandwoD,
> *(N¥1 "S°D puw Jexwg ‘q ‘resue.s 'w ‘Agsser "1°Q
‘y300g "N ‘uaY) ‘4°4 ‘Buoy "A°V)(1£61) SEE ‘T " SY uOysng IRI[INN POTIOIIUC) PUR ‘SAYY WESE[4 ‘[ °,UOTIIEINIU]
3130ufPw03dS[3 IPIUTIUON 4G SI[ITIdeg peddesy Pu®_UOTINQIIISTQ UOIIIN(F JO sIusmeanseen JuTIvey ‘[01Iu0) WS4 030wy,
“(3Tyden "W puw Agsser *g ‘uay) “4°4)(ZL6T) YO8 ‘ST SPINT4 “sAyg ‘,waselq vIeg YITH ¥ JO UOTINITIIQEIS YIUGPeRy e10WaY,,
*(1ouvey “4°) ‘owoy W'y
“-say ‘sdydoeg ‘[ ‘,019ydswaselq Oyl UTYITH SUCIIET3 I[eg UOTITIpEY JO uoTsnzjtg offuy-yirg,
“(povay "g'w)
(T£61) 39Q0330 ‘.$9INITISUT AOIFYIINY PUF AIPIQIT 03 SITSTA Puv £I09YL WES¥I4 UO 9IUBIEJUOD ASTN T.61-230dey dyay,
s *(1ouuey “4') pus
13700307 A 4)(ZL61) 1955 “LL ‘" say ‘skydosn ‘[ ‘,95eyd YImoi) wioisqns Jutang uotiemIyyuoy dvieydsorsudey uy safuwyp,,
*(ur93spIog g Pu® 903515 “9) (1L61) I9QUIAON ‘“SAY4 wase[4 [ ‘,PIOT4 dT19uley IVUNT YITm UOTIDEILIU] PUTM I¥(os,,
B “(137U030) "A'4 Puv PatiZ Q'8
‘93Tyn "0 W) (ZL61) vENL ‘ST SPINT4 'sAyd ‘. ¥ESTI4 JUSUONOD-OAL ¥ UT SIABN YIOUS PUT SUOITTOS DYISNOIY J. 3o eanidang,
*(1ouvey “4'2
JO 9SWY4 YIM0ID Y1 puw ‘Z-4q ‘suotioy esnedojoulen,
‘(touuay ‘43
PU® 131TU030D “A"4)(Z61 ‘IPIPUTYES T4wy ‘ssa1q wnuald) TL6T ‘X 3deg ‘Area] ‘yjiwdsery ‘eanijasul yaiwesay
2oeds uradoany 3w pray ‘sAyq wesE[4 JFESO) UO ‘JUO) JO ‘J014 ‘ $ITsAyy wEs¥[4 OTws0) ', SWi0IsqNS djiaydsolauley,
1 *(Aqsser “7°g puw Juom “A°V)
‘6T 3397 Aoy "sAy4 ‘.PI9Td d139ulen a1 03 INNOTPUadieg SUOTIIEISIU] ITIFIING-GAEN SIOTUOTSIIIOD,
*(599y "H'W PUW (9uuay ‘3°D)(2L61) v62Z ‘TL *'soy sAydosn
‘p ‘Luorieitdiiedy uoi1da3 Yisaysoleuluy 01 Ing $IVIMWIOUBYU] AITATIONPUO) puw A1TSuag TESEL4 [PAQ [vi0Jny dpisdeq,
“(Suom A"V puw UO[[T$81) "q ‘139a1eg “["4)(1461) 162 ‘"FII¥) ‘esoursiy ‘weselq
IUSISITINY VO “JUO) ‘[,3U] PIE UO D014 ‘,PIITJ ITiaufely INOYITN UOTIDEIIIU] PWSTIJ-wEIg UT UOTSNFITQ ededs AI11I0[3A Q-f.
1 *(201Awy [y PUP UITTSS “W'[ ‘lIuuay
*4°) ‘POTa4 "Q'e ‘1833wg [ 4)(2L61) LSS ‘BT 73337 Ay "sAyd ‘,,AITTTQEISU] ITISNOOY UOL UBATIQ-3USIINY PIIT4-$501),
* (Aooples vy pus
‘susay "My ‘NIT "S'D ‘PeTa4 ‘g ) (1461) Isndny ‘, sAEN IT18I50IID3[J [qEISUN UE JO UOTITIMIPS PUE UOTIN[OA] JEIUT[UON,
‘(a99pSes "y 'y PUF pun(si0j 'Q ‘USLTSS W[ ‘UTSISUIIG ‘M
‘Buog “A'Y ‘91Tyn g Y ‘JorAel ‘(ty ‘[97WRIS ¥ '[IPUIN WL ‘TITUCIO) “A'4 ‘FTZUGYIWY ‘) ‘[SUUSY "4°) ‘POVA4 ‘Q'W)
(1261) ®UUITA ‘7 ‘°say uoTsny IVS[INN POT10IIU0) PUR “SAy4 wmserq ‘,Butivey pur uOTENI3TQ ‘AITATISTSOY JUS[NQINY,
“(uayo) "§°0)(1£61) Sunr °,SUOITTOS PUF $YJ0US I1IWISOIDI[J SSITUOTSI[0) Ipnafiday 331w jo uot3Idnpoig de3s Airsuag,
*(suvo ‘y puw Juom “A°V)(I1L61) £46 ‘Lz ‘71197 A3y "sAyd ‘,.$190yS JTUOIIINTF IWS[NGINL JO UOTIN[OAZ,,
“(a01hwy [y puw 339aavg ‘" d)(1(6]) UWITW ‘.PI3Td d11oules ssordy Futweasls suo[ O3 Ing SITITIIQEISU dfasnody voj,
{ausoyy *y puw [auudy “3°3)(1L61) STT ‘57 "$Ayd 9deds puw -sAydorisy siuowwo) °,Juazmn) Fuyy dyzeydsolsuley eyr Juriedol,
*(19puty "W'[ puw [duuay
“4°) ‘punisiog ‘N'Q)(1L61) Adenuqey ‘,S9TIT[1QRISUL UWOXI01IA) uo| 2112ufPwol1d9 (3 PUT ITINISOIIINTI UIATIQ-IURLIN,
“(d9wes “L puw 21T4s “Q°Y ‘POTI4 "Q°8) (1461) 8857 “PT SPINI4 "SAYd ‘,PWSTI4 UOI-TIITW ¥ UT SBAWN JTasnOdY_uol,
*(rouusy “4°)(1461) (8 ‘5
“+shyg 9owds pur ‘sAydoiisy uo sIusemo) ‘,sITitae(nBaur] dtrsaydsouor o3 ABisu3z iepey jo Juirdno) edusuosey eQnOQ 230Wdy,,
“(192u03S “¥) (1L61) Yolwy ‘, SIAey DTISNOIV UO] PaITIXNg A[IWITII0WNINg JO UOTIPAIISQO,
* (ya00g “N) (0L61) 3equadeg
D119329851q ‘, SPasE(g IATIdv01auley $noauIBOWOYU] UT SIPON UO[ PUR WOIIDI[J UIIMIIG UOTIONIIIU] SSI[UOTST[[O) JEIUT[UON,
S ‘ (susoyl W'y PU® 137W030)
‘A4 “Tremuso) ‘W () (1L61) 8Zvy ‘9L ‘" soy "sAydosn ‘r ‘,asnedewserq 9y3 W UOTITWIO4 OIy-yvS JO Azoayy petjiun v.,
= *(touusy ‘4') pue
swsoyl ‘W ) (1L61) 9vpr “OL ‘"say "sAydoag ‘[ ‘,a5wy4 uten wiols d13auley Juring uotiwardidesq UCIIde(F ITISTATINNY,,
‘(Suom A’V Puv 83T4A “9°Y
1461) £661 ‘DT SPINT4 *sAyg ', $3sang U0215313 JUTEEILIG-9014 PUY SIAEN WESE[4 UOIID3(3,,
squerdes ‘u0TiIwIIISST] ‘., P14 d119uBwy v Buoly uwotivledoly aawn Twseq dTieulewosidaty,
*(uosto *3)(2¢61) 091 ‘ST SPINT4 “shyd ‘, Furdeeg w0134 (wyieds,

(£261) 9095 ‘L

puw awy "y'd ‘901 "y)(2L61) L61¥ UL

o4 w1 (2esn) ssos ‘TL

pue 1atuos0) “A'd)(1L61) des * s 2

(zee) 1v

‘139110 ‘¢ ‘T3]
“(uwos1o *J) (06

*(rouusy 4°)

Y(teet) anl..oM ‘- soy “sAydoag ' ‘,91aydsouo] aptsdo] eyl uT SITITTIQEISU] Jusimn) peulyry-

L61) 192 "Il uotsng 2waiony ‘,$y20yS ..e_mlu:!h-x SSITUOTSTIIO) JO SINIONIIS UTRLL GATN IV

1Y W PU® [euuey “4°) ‘997 ¥)(1L61) 607 ‘9 ‘13§ OTpEY ‘,AITTTqRISU] UIIN (WY Aduenbaiy
“(037yn ‘9 W puv

Potay g 9)(0L61) 951 ‘sprydesg seandeo) Jo "3034 ‘8378444 FuTyOwa) Joj [00L ¥ W SWeISAS FUT]-uD [WITITEOYIEN DN SYL,
* (w190 *3°() (0c61) ounr ‘uotiwazessig ‘,prety dyieuley perrddy

491119913 deis v 03 esuodsey weswiy,,

uotienby [¥TIUSIBIITQ P43 UO IO\ vV,
— “(Suom “A'V puw

11 S ) (0L6T) 2045 ‘ST ‘13307 "Aey “#hyg ‘,$91139w099 dTi9ulen Ul IoTARyeq saTIT1rwg peddesy Furdprig jO povlew .,

“(s014wy “y) (0L61) 1rady ..huuuoﬁ 2119150115913 $S2UOTST[[0) jO UOTITEIOS Pur SIAEM J13Isnody uop jo Juiuadesss,

* (13160309 ‘A" 4)(0461) LOOL “SL ‘"Ady ‘sAydosn ‘[ ‘, sydoys 1svy Ie(nd pusdisy wisg 1TUTH JO SINIINIIG SIUSINQUNL,

AL{PUa93X3 UR INOYITH PUT YITH ‘PTSTY Aemsuny [e3131T1) 941 uwyl 191w919 Pl
(1oqrem “s°3) (0L61) 11adv ‘.0 « 3% o

£21-94d
LE1-0dd
121-0dd
071-94d
611-9dd
#11-9dd

L11-9dd
911-2dd
SU-0dy
ri1-9dd

901 -9dd
SO01-04d

r01-0dd
£91-9d4d

201 -94d
101-94d

001 44

#6944

¥6-9dd

16-9dd

96 Odd
S6-0dd
£6-0dd

£6-94d

= * (19q70m *5°3) (0L61) 17ady ‘woi3Iwmazessig *,AITTTQUISH] WOII0[I4) woi wy,,

*(¥aywo20) “A"4)(0L61) S92 “V "SAy4 wWSEL4 ‘[ °,SYI0N4S SSETUOTSTII0) Bualls Jo SeTITRUIINOISIQ woysiedsig,,

* (a0xvg Q) (OL61) OUN[ °,0YD7 SAUN UOL OY) WO SZUSINGINL SASA WO] PUS BOTSTII0) WOI-BOL JO 398353

* (uoasuyor 9 puw sousy ‘v)(0L61) Aawniqeq ‘,u0jadung worsiedsig wsel4 SN JO 4 pus S1ak[owy eyL,
*(v3on1 W puw 3tny “¥'3) (0L6L) visZ i33 SPINI4 shyg ‘. oamn Jjuomsey £) woy 3o d

*(aor4uy “ry puw 12041 “H)(OL61) SYSZ ST SPINIJ °SAYJ ‘880407 PUS SSASH WO] VY SWOTINGTISTQ WO PEGINIIN,,,
*(¥29%1 “H pue Joldwy ‘[*¥)(0L6T) Lxemuwp Sany-oamy O v-uoy Buoils jo
* (yo12pen “1°2) (oLst)

Azenusp ‘uOTINIIESTQ ‘,PESEI4 AOSEIA Snosuslomoyu] UT UT SeAmn [SuIpnaTIvey-tsend pus 1send jo

* (yaoog “n pus u'g “Suon “a'v)(oL6t1)
SOJUSUOSeY WO PUR WOIIDN[F USeAley 1dn0) UoTININpaN IWTIVIFI.
*soy “skydoey ‘r *,$u03014 Iuesan) Suyy jo S50 Jsrngany,
“shyg ‘., SYO0YS DTINISOIIN[F SSO[UOTSTIIO) JO UOTIRAINNQD,,

908 ‘FT "*3307 "Aey "shyg ‘,sweseig eATIIe08uley uf
SUIOYL ‘W'Y PUT TITUOIO) “A'3 “ITEAUI) “'[) (0L61) 669Y o
“(v20x] "} puw Joxey g ‘JorAwy “¥)(061) 90 Tpz ‘3387 “Aey
ey ‘y'Q puw JorAey ‘ry “r2eu1 H)(0L6T) TT “SE ‘"33e ‘Aey “shyg ¢ 1 3o pus
*(ao14uy u puv Buom *A°V) (6961) 856 ‘GT *"3307 "AGY "SAud *,500W3% PUT Se1TAIey peddeil.
* (14om *9) (0L61) ZOBT “ST SPTNI4 “shyd ‘ owseiy sajioworeudey ¢ wi Burpxin (#273do,.
“(vzex] "W puw 014v) ‘y)(6961) Isnny ‘,u0}IJNisIu] easn-samy WOl Fuoils JO VOTITAIEQQ.,
- * (wompron “A'w)
(0L61) 18Z1 ST SPIN4 "sdyd *,Swuswiq SSOTUOISI((0) U ssamy (x0§) J1poTisy epnayrdwy eBiwy jo Aayryquas jo Azoeyl.,
*(uo3suyor “9) (6961) AInr ‘. weseiq 8 uy seamy Aouenbeij 01 JO WOTIRITINY PIAY jo Lmoey iveui[uoy pus iesury,
*(uoasuyor *9) (0L61) 95T ST SPINT4 “$AUJ *, 580403 SeAwy BESEI4 WO SWOTSTIT0) YHWI4-30NN04 3O 1301)3.
*(1ovusy “4°) puv 731u010) “4) (0L61) S9BT “§( ‘" sm *shydoen ° *,L3TITquIsU] woriesindosdty [vaoany,
“(1ouuay ‘4°) puw 137u020) ‘4) (OL6T) 6421 “SI °*sey ‘sdydoss ‘r ‘. sworaesing worIeitdidedy woxide[l.,
] “(veu *4 pu Suoy “1°v)
(6961) £91 “SZ **3397 "A9y "SAyd ‘,SIUTIT}}00) UOTISINIDG INGUTIUON PUF SPITY YIAOID IWGUT] JO SIUsEsInSEEN 33811Q.,
*(o1apen “D pus PotTy “q'4) (6961) WIW (6961 ‘w5814 ofed1y) jo ‘n) [eraem
208219 103 33114281594 ‘ ,PIoT4 dTi0uley ¥ UY PESP[4 SSI[UOTSTI[OD ¥ JO JOSUIL A3TATIONpEO) ey3 20 uotieiussesdey may v,

s {so14ey "y
puv 120u1 ") (6961) £26 ‘TZ ‘'3397 "Asy "sAyg ‘,$eAmm J73MOOY WO ¥} WOTINQTIISYQ ABieug wo| Ispio
s * (Buom 4" v) (ge81) wdawm * o3 uy
*(aoxeg * g puv Buom “v)(6961) 1 ‘B8 ‘Aey "shyy ‘uSUOISI[]0) WOl-w] WOy odedg & uy wIsnyzig jo
“(aotdwy “ry puw 12001 “H)(OL61) OEL “Tv "sdyy perrddy ‘[ ‘. seseiq ® T PraY ¢ Aq PeIION7 Ising-woy,
“(Buom “A'V puw Te "4) (OL61) ioqueddes ‘. SemSEI UT SIABA 1TIQ-YITA PusOUSYy LI0IPTIIISQ AwAu|[voN,
“(Buom “A'v Puv Tw “4)(0L61) 249 ‘ST SPINI4 “sAyg ‘.SemERlg U] seamm 3510 ussnieg
.A-_Jn-.!c pus Baeqeoy “3°W) (0461) 199 ‘ST ‘spwnid “sdyg *, ewiloy aveuyy oy3 W} seamm 3j14Q.
*(n11 °570)(0L61) 605 “SI ‘"sew “sAudoss ‘[ ‘.31eg weiin) Bury oy3 JO SeTITTTQUISU] sBurydisiu; Kausabeiy mon.,
*(uos1o “) pus petag QW) (6 61) ¥IZ ‘0BT '"Asy “sdyd ‘880433 SAW SWSE]] Ssisaswesy,
1snBny .‘h.:gns ‘LT (4 SSOIUOTSTIIO) IOH ¥ U] SUISOUSYY OYd3 w0230[34) woOIIde[]..
‘(nr * 961) 691 ‘Z1 SPYNI4 “Sdyg ‘. seeishs StiiemalsiXy U SSTITIIQUISU] JueTpesy Sanivaedusy,
*(poTag "Q'W PUT mOYESSO " 1°S)(9961) #LZ “T1 SPINI4 "sdyd ‘ eoue[nqan yeewm 03 eng weselq Buieeelss ¢ ui Aedeq Jvasam),
“(Sasquoy N Pus TEN "4 ‘ueEplo “A'N ‘Dwon “A°W)
(8961) 815 “TZ '"2297 "Asy ‘sAyq ‘,5eToueNbe SABM 370 PESUI4 IW SUDTIENIIN[4 [BEIGYL WOI) UOTITIJINY IlAIeEmiey,
*(uwwplon ‘W Puw TAsm ‘9) (6961) L60T ‘TT SPTRIJ "SAug ‘. PESEl4 SATISTSIY ¥ UT SsAwm 3311Q JO UOTITITM] “TAIeweiey,.
“(Suom "1°v) (6961) 998 ‘Z1 SPINI4 “skyg ‘ SEWSPI4 SSITUOTSTIIC] ¥ $e0ydy Inisuleeciidery.,
“(3aeds 7" 4°2) "Il 194 (6961 ‘wanquipy ‘sseiy ‘n wBamquipl) wavepue] ‘[°g
pue swwoy ‘0'( "pe ‘Aio3eioqe) a3 Y Ut SeAmm wwseig ‘.edwdg 61 SeTaTITQEISU] 1wy Wil4 Taeulesoiidery.,
“(rasusy © 4°2) (9961) Urady *, exeudsoleuduy §,353300y) Sy,
“Touusy ‘4D puv ‘PeTg "'g ''ar ‘souwy ‘v ‘sioielrasaau; [edidutag ‘99t ‘If ‘Wer-(961 ‘I "84 ‘.)odey smaeis [enuuv,
*(moyesso ‘s pue petid G 8)(6961) 204 T1 SPINL4 “shyd ‘LPreI4 F ® ssozy vase(q w13y w01,
“(1ouuey ‘4°) puv owwsimaog “A) (6961) S5 ‘T '"SAud ESEIg ‘[ ‘.SEesely wieg yFTy wi Saaem apratrdey [1ves,
(19428304 “3°H PuE | e -spy 94 4
“Spe ‘Tysopny Ty H pueRARIdaN ‘4°[ ‘ows(lTAcI®) ‘g ©
‘(220wy ") ((961) sequerdes ‘.AITITQEISU] WEallg-Ony SnOSUSBOBOYU] UL
- (weBun(uey “§°%) (L961) 29q0130
des] UO]-UOII8T3 STQUTAWA YITA FESE[4 WNYSE) § UL Ssawmy J11snody uop jo Buidesg nepury,
_(touusy “4°)) ((961) 2equeacy ‘,[0¢ USIlY UEA [EIITITIIY,
“(qursuey “3'W) (£961) SLI “PIL “"Aey “shyg ‘. Semsery smauend) Joj A10syy erIriIr
“(pPnr @) (89S1) Woaww ‘VOTIRIINESIQ . SWMSE[4 UT $80YI3 3¢ 3
(Buop o'V PUT WIdYY “¥'N ‘Ioyeg ‘¥ Q) (9961) SIE “OZ ‘°3397 ‘Aey “shyg ‘,$e0933  u WOL,
*(Buom “ A Y)(961) YW *.$338333 aeyddog woij $80Yd] uoi.o[K).,
(Juom “A'v pus Basqaoy “y ‘teN “4)(L961) 499030 “.L961
sunp ‘SPESE(4 UT VOTSNZJIQ PuUF suotienidn(4 uo wnisoduds ‘[,3u] PUZ JO "d01d ‘. SeAwy 15120 uesazsy Buipdno) dtilemmiey,
*(3002998q "s° ) (L961) asndny ‘uoTINIINSSIQ ‘., PUSEDUSYy AemPuny WOI3de13 JO -4:-¢va'l—nnl-'ah‘-u:
“(ownyoy ‘¢
pur ¥OTIpey 17D ‘Petad *0'4)(8961) 692 ‘TT SPINI4 “shyg “,uwor3dwny worsiedsig swseiy oy 20; woriemiwoaddy erog-omL,
*(uewdy *£) ((961)AeW "uOTIRIZBSSIQ ‘. MENTO) WESEI4 PIISIOS] UW JO UOTSNjIQ pue -".8....- "y,
* (woisuyor

‘uoTIvIzessIg ‘,0TIWy

©1°9)(£961) 112y ‘WOTINIIRNESTQ ', PuSE[4 ¥ UY seAen Kouenbesy Mol JO UOTIEITING PIIY JO AIoey, IESUTIVON Pue Jweury,

(qursuey ‘3°K) ((961) WDIWN ‘UOTITIISSST] ‘.LPONIGN SIITIING ISEL SYI WIA SE) WIIN(F oY1 jo Apmig _-uq....ﬂunﬂy!.l& Y.
- (Buon "a* oy

‘1961 ‘omoy "TIPIEWI4 ‘STWSIL4 IVEIEITAD WO “Juo) “[,IU] 18] jO “doig *  SUBEDUSYY Oyd3 "-: Y $356333 eAyaeaedoo),

* (9961) | ‘1's) ‘uPIoTY ® oy vesery.,

1 ‘'sAyq ewselq " *,40paQ 35307 Ul woliverwosddy ie3us) Burpind L.

: 1) 925 ‘BT *°2307 "Asy “shyq ‘.seamm 33140 jo Putdweg puw worieirangy,

(TH ‘W'u puw verdey “3°)(9961) (ST 12 °° shyg °,wuselq pertuo] ATyBTH ¥ W01 $80Y33 WOXIOIIA) JO WOTINAINAD.

~(usttas ‘w' puw Buom A’y ‘Saeqeoy ‘¥)(§O61) ZBIT ‘'505 "sAug "y ‘[Ing .SESEI4 PUT SEwey O] USeRIey WOTidRaINL,

(1R ‘4 pue ppar g ‘Buom *A'V)(9961) ST ‘3T ‘13397 "sAyg ‘.SeAEN UOIIOTIA) UOL ITITITOIIINTF WO SUOTSTIIC) JO 338553

“(swes 10 lJ

uvagney KV ‘POTAd "Q°6) (9961) 262 6 SPINY ‘sAy4 .eESelq UOIIDN[I [PUOTSTITO) ® JO

gl *(moywssp “7°S pue petd4 “G'0)

(9961) 8292 ‘6 SPINT4 “SAud *,SPIOT4 dy3eullew puv STII3013 [IT[WIRg UT FWSEIy SIQEISUA e Joj worawnby u.uln- ",
(dwom &Y

*, UOTIJNINIY] WESE[4-wesy uol U seamn [vuIpnitiuwoy Joj sSatetr] Karprges,

124 °0°9)(9961) »801 € SPINT4 “shug
s : s + sumnpo) seselq [edraputih) Buoly seaen STasnesy wol jo wotieBedosy,

“(Juom “A°¥)(9961) 1921 ‘6 SPINI4 *shug

SLWDITM dNO¥D SDISAKd WWSVId VIO

99344

6 -ad




|

CABLE

THIS PAGE IS BEST QUALITY PRACTT
FROM COPY FURNISHED T0 DDC

+ AT el e, 2 et ————

* (vewronen ‘n pus wesasg ‘W'
Ppus swoy whoy jo

“Buom “A'V) (re61) 6LS ‘ST ‘"2191 “sAud periddy ‘.suvey [ainey esusdu] jo id. EO1-2d

o g puw YYApTefds ‘M) (yL61) “SAY4 'Sa139L pus “sowdy [ ‘,Smi035 dj3euleeoen 03 woySey-q spn3yivy ¢! Ma. 30 oo m

O A de: *wounadi uRl() WOIj $3sIng © ? so30u 0 UOTIVIAQ FYI UO,, SHT-INI 3 - 81944 !

Pue 1auuay " 3°))(9¢61) danen 4£q paadeddw uniday pus snuwin wolj ang oTpey :!.ﬁmu-:oul.-u!l “-.loun.u.u uo., ad T (uwawnswaeyusy A'S pur oBpIeyy3s 4 ) (pL61) ISNBMY *,uofIInETS - a Aq ' e s Sy i {

‘oassy "3)(sL61) 1§ PP ' sAydolasy puw "uOIISY ‘. SIAEN IEs[Nd [WOTJeyds Juolis £Q WOTIRIR[EIDy JFWSO) O SITWIT XNl FHT-d A “(007 “)'A puv sernaay ‘1 9)(vi61) 9101 _nn

Javriag uay 4 *“8Ayg vuselq [ 4Q peadeadw ‘,PIOTS JTIoUBEN ¥ UF SOATN FESSIJ IOUTIUON OTISIATIEISN, fhr-ugg 3391 “ASH “SAUJ ‘,FWEEIJ SJ0FTUNUON ¥ YITA PIOTJ Jy 203130de) ¥ jo WOTINISIN[ SYI Y 63304 SATIGWOIOPUO4 OY3 JO 393 ORI -O4d
¥I134 "y pue [auudy "3°2)(9L61) ud 14 " 4q po PO d130ulen el eyt Lkt T-0dd *(uospry “X°W) (PL61) AIn[_‘UOTINIINESTQ ‘. PWSEI4 [PUORSTITO) ® W Sopa blin-l! noy 4 pesads [wrsorenby, GLi-odd
{wosmeq ‘W' [ Pu¥ UFT 1 V) (SL61) 10Z ‘BT SPINI4 “shyg ‘.LeeSwlg up seamy 13 3 Se  BL1-d

spIngy "shyy 4q paidadde ‘, suotavI[IdS) SSEN couh-(uo—n JFISTATIRIOY woaj Buistdy SOTIF[FqUISU] OYIiowwlug otuu-ouw_u.“-?. INT-9dd ~ - (Svon .N v o
/opanusng ® 193823304 )" * 84y, r A dedoe . swm 0 JUSEUTRIUO) #IWJING JOF SPIPTY T3 v IRT-Od g
..ouw...., SE RO e Lot i .Mb:w .._.“ .H- o.q_ _..w.wu.u"lw e ITERMoruess cu *wia2 W) (9L61) sunr ‘uoyaeissssig ‘uPWSTI4 WIOFIU-UON § UF SOTIFITQUISH] JTAI0ENIR4 UV WOYSISAWO) JOONIT, L{1-tMd
%' 1)(SL61) £9LT “ST ‘T390 'Ady “SAyq ‘,JOIITN OTI0W090 ¥ U IUSESUTIUO) OTOTIIR4 PeBITYD PUR SIURIIRAU] ITIRQETPV. OFT-Didd *(wond “y°§) (PL61) oung ‘wolIvIINESEQ ‘. O7ERuig wor Buipnidu] woTIdRaeIN] !-.“‘l‘nﬂc-r 9Lt -dd
* (uat h( 17 59 * * L SPuSE I5UI| uy Supielawas: uyno! 0 UojIdeleq, - -,
i RO iR e AU D) :A:Ssﬂuﬂh m._...ﬂ.l 8._4%» u:."._._“..muw_.:!a: il £ puw To1uels "y ‘wry 'H) (v261) 173dV ‘,43111qUasu] @eeaag-on) BUTISTITIS0 PUS 93104 SATIONOISPUOS SY) JO WOTINAIONGD. SLI-'Mid
*(1ouuay *4°)(SL61) 1L ‘9 *'shyq eowds puw - w0 * Y3 WOI) POUIRY] ARy WA IWun, gy
(VUMY “N) (PL6T) UI2my ‘UOTINIINESTQ ‘. WRAY I0EW] PRIRAJUL W9 4Q BESEIY ¥ WO POIIE] #3104 SATIOWOISPUOY ML, [LI-Nd
“(9PPN0 "W pue wosasg ‘' ‘wy7 "1 V)(ws6l) sest LT
PINT3 Cshug ‘ uoTavTpwy > e " 03 apo) ¥ eIy u jo Wy, 201944
*(ouzoys 'y P yiapiefds ')
*L61) " $AU4 1912821301 puv w31aoydsomav ‘[ ‘,010ydsoud] woTBey-Q SPNITITT SIPPIN N3 VT $230733-103)V B0I§ JO SWNE) BNL, 1L1-%d
“(souwg v pus L1190y “1°0) (v461) YIaMN ‘.SUEEN[y nosusBomOowu] U VOTSISAWO) SAEN AESUTY, OLI-udd
(ousoyy "W ¥) (v261) o0 DT ‘" 135 eouds “Aey ‘,s813733%y peddesy (y w 3o L.
“(emeyiusiy *x pus
.:._._.u.u.o-._.u.»::o:...:........8].Atf!_..lu...o.t:ou-ll.sl‘u..nl_xl»ll:l‘lr’....t
...t

15 'OF ‘"319] "Aoy "sAyg ‘,$9AEN OT1oulew01idd[3 POITIN[O4 FUR[4 ‘OTISTATIRIAY A1Juoias T SeTIT[VQEISU] dTJiIcEeiny,

SL61 AON '“sdyg weselq "ATQ "d0s "$Ay4 ‘wy jo Buiiaey Junqsiaied "3 I pelussead aq o3 szeded :3dwaisqy Bingsieleq ‘i,

“(Suom *A°V)(SL61) AInf ‘. metAsy ¥ !jusmeutjuo) djaeulien 9dwjins,,

{3 TWN PUR I Provaprol WS ) (S261) ‘. weseig 9Bawyd>s1Q PI3D jy ewnlop o3iwy ® O SITISTINIdNIEY),

= *(9TPESIUTSL “1°N PUT WAEXTYSIN ‘X ‘997 ‘D°X ‘oxvdd “i°r)

(9L61) 961 ‘9F '"2397 Aoy 'sAyd ‘,UOTINTIEA SSEN UOIII[J ITISTATIV[IY O3 an@ SeAwy apnyyrdwy oFiw] uy uotImeIoy ¥dOuS,

* (uosmmq "W’ Puw 23TMOYYSIY ..:E.: ‘uofSng ONN 03 POIITEQNS ‘,SITEN 9JUIJ I9YIT4 YITA 103299y UOTSN4,,

*(397 *2'A puw sarwaon ‘r'9)(SL6T) 0S6 ‘ST ‘T3397 Aoy ‘$Ayg ‘,80u0) PTIQAH-20M0T JO UOTITIUGWET T4 IVOUTIUON BN,
*(uay) 44 PU 191502303 "L ‘Buoy "'y 'vosaeg

WC 'PATAY "0 @) (SL6T1) AInp ‘imetAdy weiBoid VQNI 10J PIIUISEIJ YOIWeSey UOTSNY POIOIIU0D PuUP SIYSAyY4 vESE(4 VION.,

*(satwion "9 puT 397 "4 ‘(PWEWIS ‘M)

“(ury 'y pue Suop “A'y ‘(ezwess “w)

(9¢61) sPINT4 "sAyd 4q paadeddw ,UOTIININIU] PESE[J-weeg OTISTATIN[IY Y3 UY SUOTINNION[4 UO] JO UOTINITIXF d1JIdwmiey, (9261) ¥S9 'TE ‘"33 “Aey “shyg ‘. sveseig uy seawy 3 03 ssamy > 13 20 2 L9013
“(uosmeq "' pue sanwiwey " 1) (9/61) 1§ ‘9F ‘"3397 'Asy “sAyq ‘. sweserq ur 1Jodsuei] IATIDEAUC) U0 FUTIOLXTN 3O 132333, 2 (wydty "§'w puw Buog 4y ‘wend “wre) (et
*(192Ua3S ‘7Y Pus UvE[Iya9 90y ‘ZE ‘°3397 “Avy "sAy4 ‘.sovewudg woy Burpniduj 1 wwse]4-weeg iw 14 Awdeg . 991

(937 8y pum 0 "D 4

asaon 9) (#L61) LSy TE "33 “Asy *$A4d ‘. A3TITQUASU] Wraais-oml BUIIRITNO80 JO [9pow WoTIenby JSTUIPOINIS AOTIIWOK. §91-0ud

(wwy *x'd pur 297 “3°A) (p261) SET 28 *"3307 “avy *shyg ‘Lswmseiy snosusBomoyu] uY SOTITITQUISU] JTINISCIIINIF [Wi0GweL, 19l -Ddd

“(uosaeg ‘W[ Pu® UTT “L°V)(#L61) L86 ‘LT SPINI4 “sAug ‘. SPIOTd Dv SsusIu] 4q SIusiIn) D PESEL4 JO INSEWINNNIL, £OI-Odd

WEL61 'S JOQUOAON-[§ 100330 ''SAY4 WSSy "ATQ '°305 “sAyd ‘wy jo Burisay Tiydieperiyg 39 peiuesead s3deldsqu. 291-Odd

“(pavad "0 @) (£261) asnday ‘,g/61 ‘v 3snday-0f AInr °°shyy weserg pUe woTsng ‘3uo) uO “juo) weedoany Yi9 ﬁ..&. 191-54d

(3D 4 3) (ve6L) 162 “VE (S58ay Wnusry) waoy "W PR TAIGMYDS [N PO

TatUl4 PeIv[oy PU¥ UOT3IONIIIU] IASF] °,SOTITITQEISY] OTiieweiny - BUTIRey WS4 DUV I08W] J0j SESTUBOeN [WIVSAyL., 091 -ad
(uap "4 ) (5e61) 13 *d "y “sayshyy L 203 (se61)

238Ny ‘yONIQSUU] ‘SWRSSI4 UT SITITITQUISU] PUR SeAwn WO $SeBuo) [,3M] JO 8an3de7 Asains . sumswid JO S373dD Feewiivom, 651-9ud
e *(Y3nIquesoy “N'M PUT Y] “S°D WIS ‘D

297 "D°A AWy g ‘o¥®30 £)(pi61) SLL LT SPINI3 “SAYg ‘,SEESEIg UY SeAwM STIoulB0iIde13 JO SATATIIAMISY] DjaI0ERany., 95N
e *(urdyy WG pue (ezwers

<7 W) (£261) SpST “T§ “°3397 Aey "sAug “,AIT[TQRISUI 3130 WOIIO[IK) WOIIINTF PINIOSQY B3 JO UWOTIRINIES Pus Wakoas, (S1-2ud
‘(oo 2

Ppus ox82g “3°() (£261) L611 “T§ '*3397 "A9y "SAyg *,vesEl4 SnOSUSSOWOWU] WE UL STITITQEISU] BurisiarSs wwsey SINIOSQY, 9S1-Ndd
S *(eusoys "Wy Pov

touusy “34°D 137160200 “A'4)(#L61) £85 681 ‘'r ' sAydosasy °,sieydsojsulen uepaor sy uy seEnpy woloig paddesy A1qeas. S51-tMd

“(ratwoaey A 3)(re61) 192 ‘LT '°r “shydosasy ‘,sieydsorevliey s, eipdnr ui swoidery Syasliswz, wsi-ua

- (1319010) “A°4}(£461) 00T B ‘"1 O1pwy ',5mi035 drisubey pus Juesn) BuTy L. £51-'Md

W) (SL61) BOLT ‘ST ‘°3397 "A9Y "SAUJ ‘. SIAEN PTIGAH 10m07 IFIUTIUON U SUOFINQINIIR4 AIFSUIQ PUY SPIIT PATTIE0TY,
“(29ssowoy *L puv Buna “N°X ‘23TRONYSIH “N) (SL6T) ‘.dSND UTT waag w07 ¥ ydnoayy ofwyea] veserq,
*usyy “4°4 4q maTASX %00Q v ‘,£9120M N 140qoy 4q - SAUTYIWN-D,,
3q300 w7 PU® TSN YN ‘A0QD L'[ ‘293582204 ‘1°V)(SL61) ‘,,2in0S UOL UOFIINIIX PT2Y 1FUIS-IuUsEUIEIUC) 910dTIINK V.
(997 *2°A Pue sayeaon ‘(9) (9L61) ‘SPINId “sAyq 4q peadeddw ',edustngany Ayyds jo uopieiouen ey,
* (Suna7 %) (SL61) Axwy ‘uorwizessyg ‘,sdsn) dtieuBey pezf¥I0] AQ IuswIUTIUC) cwsTly,,
*(uy7 "1'V pus winutwwy ‘L ‘uosaeg ‘W[ ‘OIaN
-opawusng ‘) (9,61) 82 ‘9% ‘1397 ‘Aey “sdyg ‘,Fur[00) [vuTpn3ITIUOT POIETIOSSY PuUT WEsEIg pezTioulen ¥ u" Futaesy jpdL.,
*(uyapiey '@
pue potiy *g'g) (SL61) ‘.SUI03IOTI JO UOTINQTIISTQ U0) $$07 ¥ AQ PEINPU] SIPON ITIISOIIA[Z Aduanbaiy yBTH e1qEasun,
“(epny0 ‘W puw UOSASQ W' ‘MO D) (SL61) T13dy ‘,PTIQAY 2am07 8y3 JwaN setouenbauy v Jupieay wwseld,,
(w1 CL'Y pue uosweq W £)(9461) AInf ‘1139 ‘Asy "sAy4 £q paidenie ‘, sisuing POOM 19N UO SERP] 3N wos,,
“T293593304 *1°v) (SL61) YOI *,u0TIanB[3U0) Jwwang PIT3IPON V.,
“(SL61) Yd1my “,¥1ON I¥ $ITI019I0QE]_Yoivasay $ITsAy4 weselq JO SITIT[II®y {eluowtiadxy,,
“(uond W'y puw wanwexey A ‘Buom ‘A°Y) (SL6T) 9STT ‘ST "3397 "Asy ‘sdyq ‘,3uswaurjuo) drisuden sdejms,,
‘(uosaeq ‘W' pue ul]
“1°¥)(SL6T) 2vST ‘BT SPIN(4 "sAyd ', SI[IT3dug PESP[4 ¥IA SUOTIEIITISQ PwsP[4 OIUT saAeny d713ufvwo1ldarg jo Jutianiess,
B “(Buom “A'Y puw uomd ‘ji'g
“sanmeyey < 4)(SL61) S8 VES ‘°2391 “sAuq ‘,931a9q atdTaing dr39ufey UT [ram (FTIUR104 ITINIS0L1IA(I 4q udeeulju0) vol,
“(Bwnay "N Y Puw 23tmOYYSIay °N) (SL61) Aiwniqay ‘,su0s1d913 AB3iou3z mo7 jo uctriIdefu] Aq Buriedy uo11dI] rusely,
‘(897 "3 A puw sajeion [ 0)(SL61) AIWNnIQay ‘,SEMSE[q UT SPIPT4 ITI12913 POTI[EI07 ISUIIU] JO UOTITIIUID JESUT[UON, b “(xo3rtm 1)
*(9xwag ") (sL61) Aieniqag ‘woravazassig ‘,.A3p11qeisug pue pTEYIS 9)(£461) 0851 “TT *°3397 "Aoy ~sAyg ‘.,S9AEA DTIsulSEOIIIN]] IO IUNUON WY UOTION S1IFIARG STISTATIEIeY, TS(-dd
uSU[4-wesg WOIIN[I Y1 03 LOTIEITIddY YITA 2JUIINGINL ws¥[d JO AJ09y) v :Twiq snojewouy pur Bur(dno) Ipow le(nI3g, “(apreyds "9 pur Juow A°V)(£461) dunr ‘.AITITQEISU] eweais-oa] A103e[17380 O3 jo woriwasadaeau] ediskyg, 1S(-dd
“(49ssowoy ‘L PUR 231MOYYSIOH ‘N ‘Bunaq N 1) (SL61) Axenuer ¢,20U34-29%3Td ¥ AQ JuIMaUTU0) wasely ©(nT] 57D puw 397 “)' &) (5L61) sunr * wsely POTTIsulvi ¥ UT WOTIUNJ DTAId0(81Q JO Aloewy, 0SI-n4d
PRY)H Pue wosaeq W[ ‘0D “)(SL61) Z9LT ‘FT SPINI4 "sAud ‘,Sutdeeq sAwn prigAH-iemot pur diodsuril Uo1Ida(3 SnojewOwy,, P 5 ‘(v ‘w'w ree
“(wwwy cy pus dewes x- L ‘Tune "N ) (SL61) ‘. saT0dTany 13uBwN JUIUTEII4 YITA JUBEIUTFU0) PESELd JO UOIletwlido, Buom A'Y ‘13TU020D "A'4 "sueen a°¥) (£261) ¥OEZ ‘9T SPING3 “SANJ ‘.LSY0NS ITISNOY WOI ITIEISOIINF UL SIWAINGANL, il il
*(xvaprafds “N'w) (5L61) Aaenuer *(3yBTaqLy N)(pL61) 902 ‘LI SPINt3 “skyq *, Jurddesl woi3der3 Aq SaAmm STISNOdY UO| JO WOTIPTIIVQEIS, Wr( it
‘.,33IM05 JATSNF3TQ TPIPEY Y3 UO 3duspuadag ¥3] PUs UOTINQTISIQ AUy YI314 UOIIII[3 119 UOTITIPEY WNTIQT[INbI By, (urdry'g puw vond -j'g ‘Buom “A°v)(5261) 6621 “0F ‘3397 "Ady "sAyq ‘.Swoi3dar3 peddeil yata sapoy -.:.-Jho WOLIN[OAY,, L11 ThLs
“(apyeyds 9

*(a1Ap1alds “N'm) (r261) 19quedeq ‘,uotTaenb3 uoTsnz3tq AUV YO1Td 9Ind Y1 IATOS 01 POUIIN [FITIoWny SATSINIIY vy, o
‘(uond ‘' pur Fuom “A°V)(S¢60) pus pInog “y ‘PItay " 8) (££61) 17ady ‘L$RT3TIIGRISY] wesw(q Buy pus 30 Vanox) (eiIRds,, 1 vl
6601 “FE 12207 "Ay SAy4 ‘,SIAPN wWSE[4 UIATIQ Weag jo asde[[o) [vrieds puw $ITITITQEISU] AduInbaijy-0107 jO UOTIEITIXY, *(1atwoIo) “A'4 pus [ouusy ‘4°) ‘07 “X)(06D) 60T W -
“([auudy “3°) pue uospny “x'W) (#L61) 19qued3aq *, A1t11quasu] Adodiuz aya uo Juteiisuc) A3ysuag yduu, “say 'sAydosn ‘r ‘. se1irTieindaii] 3900133913 [rriojendy | csmh q 3o orqeas Areutdawy o431 wp, <ti
.

“{X037TN "L PUE IPTWYIS O ‘[IWUBY *4°D) (££61) POET ‘I ‘2391 “CAsy “shyy ‘.siesing 4q uorieisuen Aey dtwso) ug., il

“(Buom " A*V){£461) WOIWK . SeTITITqRISU] Stxaderieg uo Siuselisdyy,

*(T210020) “AT4 PUP PATL3 0°9 “93Tuw W) (PL6T) TIT LT SPINI4 “sdyq °, SN0y DTIN0dy VOl JO WOTIEWSO4 Buy,

([ouusy "4°) puE TaTUCIO) “A4 ‘eduRD) S N (EL61) 125L ‘B¢ ‘- sew “skydosn ‘r ‘ AaTirgEasul wajiv N.t._ wiey Satuny,
“(xodrtm 1 pue

WTeYds 9 ‘mey g)(£261) Z2ST ‘91 SPINTY “shyg ‘. SeEsE(4 UY WOYITIPEY JT1oulew0i1da13 Jo Burdded pur woriejuee[ly, Oti-

S “(Juom “A'Y PUT wReYTYSIN ‘¥ “ouusy “4')

‘potay "q'e 'ysnudy Q) (£L61) OLZZ 9T SPINI4 ‘$AU4 ‘.Sewselq UT UCTINIIIN3 JTJIswwiny ecwers3y SIqOg o Azosy, efi-

“(1owuey “4°) pue wospy “X'N) (SC6T) SET “¥I “'sAyd wwseig ‘[ ‘,Pwse[q pazjuol ATI®TIIRd ® UT FPOW 1j1Q [FPUOTSTIIO) Auy,
- *(1owuay * 35 puv vospry;

‘2" W)(SL6T) 12T “FI *"sAug wesvig ‘[ ‘,vese(q [PUOTST[[0) POzTUO] A[[¥1ideg ® UT Ipow sfuwydielu; d1Ioulvwol1de(3 YL,
“(1ouuay ‘4') pue wsoqreg ‘0" q) (rL61) J9qmanoN “,39(013913 [¥TI03wnbT SYI UF 10IWISYIEY UINO[[F4
C(PMEYTYSIN ‘Y PUT USYD) ‘HH ‘nTT ‘S'D ‘997 ") A) (w6l

13qmaA0y, ‘0Ay0) ‘- sAy4 wEsEl4 WO “JUOD YIXTI§ VIV] JO J014 ‘, semselq uy IyS1] 2as¥ JO UOTIVIUGWE[TJ puw Fuisnd0j-j1ac,,
“(a1aprefds “w) (rz61)

19603150 ‘,uoraw11d1d914 U013133(3 IUIpuadag-ATi1au3 puw d1dOIIOSIUY O3 POYISW [FITIPENN YOIUR[4-49NY04 3yl jo worirapddy,

£ £ firis

“(1ouuay ‘4°) pue 1110103 A°4) (rL61) 1aqueadas ‘ie1ua) 1ylit4 edwds pieppog ‘,adeds “(1etueig “3° ¥} (TL61) 10QUEAOK . STITLIQUISU] ITIldWRitg JO wotieinmtg seandmo) Sayeuy, Wyt -wa

203 yooring, uo dnolg Apnis YSYN 031 pPIIuasaly ‘,$31sAyq 9owds Jo auning ey :saisydsorsulen sAvIeiwdeo) 3o Apmis Ay, L “(rouuey “3°3 puw o7 “X)(£L61) 6551 “IZ ““ 135 eoedg
*(m01) ‘L[ puw 0laN-OpIwusng ‘[ ‘29358104 "1'V) (ML61) pus Aawiswwrg ‘. A1711qEasu] AayawinBesa] 1efoaide1z | odAL ey3 vo PIeT4 drisulu ey 03 [8(IviRy .l.ﬂ.l-& Iu-“u:u.. e

13G0330 ‘13§ vese[d UO suOTidesuwa] 333 ‘., (39747~ 10)) ®81ISAS UOTSIIAWD) 31384710 Adusnbely uOXI0[IA)-0lity pearIniio) v, suusy 4"

.sﬂlx.v..&um.. pue (37935 ‘1" ¥) (SL6T) SLOZ A.I_m 13397 “A9Y ‘$AUd ‘.Aduenbesy PTIQAN 213m0T Syd JWAN SIARN I11PIC04ID0(3 27 x)(5261) 619v "W 3oy “shydosy ‘[ ,38(0223813 [91203emb3 sy w1 SeTIIRInBess] | SdAL o wOTIEITFTIdEY SATIIAWC), OF| it
(1974935 7"y pue uTRTaY9D ‘W) (SLET) 9UST OF ‘INIISUL “TIS AW ', SOIPNIS 9AWN JOj wmse[4 perTioudey Juedsaind adiry v, “(1ozueas “1°¥)(£461) $95 ‘91 spInty “shug “. e AL B UR T SOARR BWEW(4 GOXIISIR.,  SEI-tMid

* (393802204 “1'v) (PL61) §2-27 1990330 ‘Aoteniag R L R el
‘suedg UO[ JO UOTIFEIO4 PUF $3JIN0S UO| U0 ‘dwdS PuUZ I¥ peIuUISelq ‘. sweag uo] Aatsusaug yBty woij A¥seuz jo 3 tozue3s “1°W) (£L61) L19 “vp 20IOMIISU] "T135 “Aey *, sonbluyde] dTisoule]) weey ERelIS-2014 PUR 93mog wesy wop dTIsBaeuL. BEl U4
“(Buom ‘A v) (#L61) 29querdas Q JuPEIUTFUO) STi1aulen 239jing ofuwy ¥ - (p1eyas ) (£461) 991 ‘91 SpInty “shyq ‘' seAm ST30ulww0i13013 UITA SOPOK DTITISOIIIN(F JO VOTITILON] Iwewosey, ((i "d!
“(UI] *L°V puv uosaeq k() 19queldes ‘. wwsuig UT SOTITIIQEISU| O1JIdwrivg *(1ezuaig "7'y pur uidsiy ) (5461)_§0 “Of ‘3397 “Aey “sdyd ‘. Ivewtredry A3TTIQEISN] 3310 vox3ordf) woiideld., ..:..5_
.

“(97 “)°A puw sateion ‘) (4L61) (Potad *G'9 Pue wmexTYSIN “X)(SL61) 1261 ‘91 $pIn14 “SAug “.$7I0UTY AW FWER(y ITOUTIUON JO WOTIFITEIOS J8RIRY eAcm. L1 *
FEST ‘TE (73397 "A9y “sAyq *,U0110UNg UOTINQTIISTQ AITIOIIA I3 JO UOTINTOA] UO SPIATY IFAIIE[F POTTIYI0T JO 133533, Of!-Dddt “(eswey) “§ W) (ZL61) 2990330 “VOTINIINSSTQ “. . SPESE[4 FI0F MITUl4 UL SOAER TG, 05!

“(Juom Ay pue @1y "D'H '197ud1s “¥) (PZ61) SEY “OT ‘' 135 OTPWY ', 3JUNUOSIY WEEEI4 YIPIYS ey JO AITITQRISUL DVIIRICy, GRI-tuid ] “(mey ¥4
*(F31U040) “A'4 PUY [SUUes “4°D) ‘PIQT L,iS,YIAF JO §,4eS[ng ¥ Ix17 sdeydsoroudey <, 2011dnr L. ANI-Ddd  pue 897 "D°A ‘waeNTYSTK ‘%) (£261) 08ST 91 SPInT4 “shug ‘.AaTiiqe ®ee15-0n) BUTICIIIIS0 JO VOTITTTIQRIS Jeadi(woy,,

(13100303 “A*4) (pL61) T ounp - 82 Awy (1ouuay *4°D pue 13100103 A 3)(5461) (682 ‘8L **soy *sAydosy 130Au0) Jrasydsorsuley ervinSey ssewdsowo] suy wrd,
‘hrerg ‘tiedcesd “zeitdnr pue Yliwl o sazaydsorsuley WO CJUOD JO CD014 ', AI08YL 119y UOTISIPEY USTACT JO IUSEINOUSD, (F1-Did “{ZL61) 9T-51 19quanrcy *Asasivon “Buioap 1IMWUY C3Ayg VESEG JO CATQ S 305 “shyy wy 3 perwessad sadeiasay,,
“(xootim -r-1 (93740 “9°Y Pur ueD ‘4 4) (PL61) §95 ‘DT *sAug waserq ‘[, Swwselq ut soAwy 3 3 3o venietiidey, -

oue ¥03; 1w “ 2 F)(FL61) 2197 "AdY “$Ayq ‘,SUOTSUSET(] BRIyl PUE OML ‘SUQ UT SOPON WESE[4 AIPUOTIRIS-TSEND POITIRIOL, GBI Ddd (yray-q Pue souwg ‘v) (pL61) SLZZ ‘L1 SPINI4 ‘$AY4.",s911J014 A11susg WESEI4 JTIOqRiRg IO) SUOTIdWNg SATY afasudeeniiaggy,
"L 3L61 ‘1652 190 '"9AYq vusely "A1Q ‘°205 sy ®y jo Jupisen snbisnbnqiy 3¢ peruesesd siedeq :s1desisqy enbionbnaty, SHi-0dd (3r “souey “v)(£61) 596 V1 "Skug W3 “r °,91Paw SrosusBosoyu;
Buow A’y pue (270335 ¥ ‘wix "D H)(PL6T) 988 ‘TE ‘2107 asy "$Aug ',Spraty 4y o Jurddeal puw suoITAR) jo JUSEO(SASG, pHI-Ddd uy swerqozg voriededoly AmN [PUOTSUSETIQ-SUD JO SSEID ¥ JO) SIUSTI1JJE0) UOTSSTESURI] PUF UDTIZE|jeN JO WOTITINITY,




*(9L61) 61-ST I9qWAAON ‘SITSAyq ewserqd 3Jo
UOTSTATQ A39T90S [BOTSAYJ UedTISWY 343l JO SUTISON OISTOUBIJ UBS IB PIUISAId 9q 03 siddeq - S3IdeIISqY 0ISTOUBIJ UeES,,
*(9£61) 3sn8ny ‘uosmeq ‘W[ ‘,U0TIOEAY €, -d Y3 Bursn ULD.
.nuhmﬁw L8Z ‘S6T ‘9dudTdg
‘Puroyl ‘W'Y ‘9uozQ drIaydsolerls Ioj wsTueYIS| UOoTIafdag TeINeN YV ‘uorieirdidaxd uox3daTg 3[2g UOTIEIPZY d13adiouzy,,
*(LL6T) 91ST ‘07 SPINnIy *sAyq
‘19zU91S °T°Y § UBWIANSY ‘M ¢,9Inssaxd 4y YSTH 03 3Ida(qng euSE[q PazTIoulel B UT SOTWRUAQ S9ABM PUB I[ITIIERJ,,
*(9L61) A1nr ‘s>1sAydoiisy pue Awouolisy 03 pe3zruqng
‘1eITod ‘Y Pu® 03SSy ‘g ‘[auus) ‘J'D ¢,SoreMq vuseld Buoxlg A[[eOTISTATIRISY Fo Surdueg uorlerpEy uo3ldmo)-oxysufs,,
*(9L61) AInf ‘s9duardg adeds pue Liejaueld 03 pelltuqng ‘esoqieqd ('@ ‘,SUOTINQTIISTQ TT3YS 3O AITTTqelS,
; *(LL61) 8€S ‘02
SpINT °sAyq ‘uosmeq ‘W' Pue UIT L'V _°,SUO] ®BUSEIJ JJO SaAey dT13dudewoildsrg jo Surisljeds uoldwo) pajernurls,,
*(LL61) 18S ‘0Z SPINT4 °SAYd ‘ur] °L°V § uosmeq ‘W[ ‘uemy ‘| °,J9SET UOIIDA[F 9314 SYL,
*(9L6T) TOSS ‘I8 ‘soy 'sAydoag jyo ‘russie] "Y'l Pue SUIOYL W'Y “.AITATIIV
wro3sqng otaeydsolauden YITM UOTIBIDOSSY ITAYI pue SIUSAY uorIelTdrodaxq uoxIda[g JTISTATIBIAY JO uorleSrissauy uy,,
*(LL6T) S8ST ‘78 ‘'soy ‘sAydosy jo °r ‘rueIninsy °L°g ‘AOTTBH ‘[°M
‘yoany) “y°4 ‘auroyl ‘WY ‘,AITATIOV WI0ISQNS JO SPOTId4 Suring SUOTSSTWI 413 JO UOTIBTIEA SWI] [BI07 9YL,
‘untsodukg [9QON 3B PIIUdSaIq ‘UsY) Y ¢, SUOTIDBIIIU] BUSB[J WEIG-ISSET UT SITIT[TIQeISU] JTIIdWeIed uo sjusuriadxy,
*(9461) *soy °"sAydosn °r 03 pallTwQNS “[AUUSY ‘4‘D Pue BITEPQY-INOYSY ‘W ¢, SATITIIQEISU] 3UO) SSOT UOIIII[I SATIVDIAUOY,,
*(9L61) ZLLT ‘61 SPINT4 3O ‘sAyqd ‘997 *D°X Pue ajexq °4°f *,uor3idiosqy 9OUBUOSAY UT $3ID33FT ITISTATIE[AN,
*(LL61) 00§ ‘€T ‘sAyq "dwo) °p ‘uosmeq ‘WL B urT L'V
€339yd31ad °7I°d ‘OI9N-OpIRUSNg ‘[ ,,SBUSB[J FJO UOTIB[NUIS [EITISUMN I0J 3PO) I[JTIIed OTILISO3aUBe) JUIISTSUOD-FT3S V.
*(9L61) 15SY ‘18
‘say °sdydoey ‘[ ‘TITUOIO) ‘A4 Pue esoqaeg °d°d °,xaydsojoudel s,xa31dnpy UT SIAITISTYM pPUB SUOIIDAI[F ITISTATIRIRN,,
*(9L61)
§5Sy ‘T8 'say ‘sAydosp °‘r ‘TITUOIO) ‘A°4 puUE BSOQIeg °‘(Q°d °,SUOIIDATI UBTAOL DTISTATIE[dY JO UOTSNIIIQ [eIpPRY £SSOT,,
*(9.61) °SAyq 3o °Aoug £q paidedoy ‘TatTuoxo)d ‘A4 ,2I3ydsojoulel s,yyxeg ayl,,
*(LL61)
681 ‘s¢ ‘ddng °r ‘sAydoxisy ‘Ie3eTAg ‘Y PuB TITUOIO) ‘A°f *,BUSB[J SSOTUOTSTI[[O) B UT UOTIIUUOIIY PIAT4 dr3auley,,
*Ip ‘YleW ‘uIW LYooy ur teadde o] *(9.L61) YdIeW ‘SITBION °‘[°D PUB 93T ‘DX ‘,SBUSEBI4 UT SSINIINIIS IYTT-UOIT[OS,,
*(9L61) 6061 ‘61 ‘SpINT4 jo °sdyd
€997 °D°A b weqUEA ‘M'[ ‘POTIJ ‘d°d ‘,Suoriexndrjuo) PIAT4 dr3auBel 2oeFING UT SBUSE[d I0F SITIBPUNOG 9314,
*(9L61) L6y ‘P11 ‘sAydoan parrddy pue aang ‘suxoyyl °y
5 yrAprofds M ‘,uorieatdroarg uoxlda[3g or3adasuy Aq xafe-q [BUINIDON SPNITIE] S[PPIW dY3l JO IJUBUIJUTEH,,
*(9L61) Axenuep ‘jayseanl ‘f ‘,¥S°'ILby I UNTISH JO 31Tjoxd aur] [ejusuriadxy 8yl jo Axo0dy] woxy saxnjredaq,,
*(9461) 069 ‘61 spINI4 *sAyq ‘@97 *D°X 8
‘saTeIoN ‘[°9 ,3u9IX3 Terieds S3ITUT] JO dAeM OTIeIs0x3d3[3 Buriededoxq e Aq pajersusg adusrnqinl Ayrds ayL,
*(9,61) 6¥8 ‘61 SPINIJ °SAYq ‘SA[BION °"£*9 § ‘997 "D°x
‘1oweydS °‘H ¢, UOTIOBISIU] BUSB[J-Wedg OTISTATIBISY 9Y3 UT SUOTIBNION[4 AITSUSJ UO] JO UOTIIBITIXF OdTIIUWRIRd,,
*(9L61) €997 °‘D°A Pue wequep ‘[ ¢, euse[qd SnoausSowoyu] UE UT SATITIIqEISU] OTIIdWeIeqd uo 3join) dung 3o 393333 ayl,,
*(LL61) 801
‘07 SPINTd ‘sAyq ‘uewyayey ‘M pue [9Zud31S ‘Y ¢, SEWSEBTd YITM SPIATJ 2UO) 9OUBUOSIY PISNI0 JO SUOTIDBISIU] IBSUTTUON,,
*(S.61) ‘"1ieg "9 pue
99A37 ‘Q°Y ‘IBTIND °[°O ‘udsoy 'g ‘uosmeq ‘W' ‘exnurwey ‘] ¢, Wd3SAS I0SS390xdOIOTW IHD 243l UO UOTIBINUIS BWISEBIJ,,
*(9L61) SST S0z ‘‘'r *sAydoxasy ‘T3Tuoxo) *A°4 B Buriramary "4y *,S91qqng dt13IsuBey Aq sAey dtwso) jo Buridizess ayl,
*(9L61) SL61 ‘61 ‘spinid 3o
*sAYqd ‘IPTUWYOS ‘D pue ‘BMENTYSIN ‘Y ‘BInmey] ‘L ‘patij ‘a‘g ‘,dung yiBusroAey 93ITUT YITM SITITITQEISU] OdTIIWRlRd,,

T :I.IHH

vLT-9dd
£L2-24d

TLT-9dd
142-9dd

042-9dd
69Z-9dd

897-9dd
L92-9dd

992-9dd
$92-9dd
¥9Z-9dd
£9Z-9dd
292-9dd
192-9dd
09Z-9dd

6SC-9dd
8SZ-9dd

LSZ-9dd
9SZ-9dd

SSZ-9dd

¥SZ-9dd
£€S2-9dd

2ST-9dd

1S2-9dd
0SZ-9dd

6¥Z-9dd

8¥Z-9dd
L¥T-9dd

9¥Z-9dd

R




*LL6T ‘dunf ‘Taqray *S°F ¢,90US[NQIN] WIOFTUN-UON X0F AIOdYy] IeduT]-ISEM),,

*LL6T ‘sunf pailtwqns

‘spInT4 ‘sAyd ‘wequep °M°'[ pue ‘[9qIoM °S°J ‘soueg 'y ‘,[eTIUslod OTporIdd A11erieds e ur seAey arnulueq,

*sAyq ewserd °f 03 poliruqng ‘eurfel °L ¢,SOTITITIqeISu] AIBPUOISS YITM wedg UOIIDA[ OTISTAIIRIaY B Aq Buriesy euseld,,
*(LL6T ) AW ‘ISTTTW °71 pue Buoy 'y ‘,sdoeming Burionpuo) zadng,,

3397 A9y °SAyd 031 pallTmqns ‘unalg °‘y°y pue Buoy X'y

‘IoydeuMydg °"M°Y ‘Sewel °d ¢,,SPIOT4 d9T3ouSel 97eJING UT SIUSIIN) pueB SBUSEB[J [BPIOIOL § Y3TH JO JuUsWAUIFUO),,

*LL61 ‘1tady ‘Buoy ‘x°V ‘,euselq d1ioydsouo] jO UOTIE[NWTIIS IATIDY,,

*(LL6T) SSST “8S 3397 *A9Y °'SAY4 TITUOIO) "A°d °,,9POW SuTIEd] SSITUOTISI[IO) Y3 3O :ouu=~o>mAMMMMw~mmun
pelltuqng ‘spInyq °sAyqd ‘uosMeq ‘W' 8 3IIYIITIJ ‘T°d ‘,SOABM USAFTY JO umildadg snonuriuo) ayYyi ur BuIXTl Iseyd,,

: *(LL6T) T0Z “6S °"3397 "A9Y "SAyq ‘uosmeq "W'[ pue ‘euwTi ‘)
‘eurfe] °1 ‘,uorjernuiS X33ndwo) UT UOTIBAIISQQ) PUB WSTUBYISW T[BITSAYd S3II :AIT[TqEBISU] UOIIOTIL) :omumwwwﬁ«:wmwm
‘spInTq °‘sAy4 o3 pa3rruqns ‘uosmeq ‘W'[ PuUe UIT °L°'V ‘,BUSEB[4J B UT UOTIBIISUS4 JUSIIN) JO uorleinurs Jaindmo),,

: ‘usxQ °7 pue JOTAe]l ‘LY ‘,SYEWeNO] SZTS I03IdBdY I0F [oxjuo) A3tanduy z-mo7,,
‘I07Ae], "[°Y¥ PUB USIQ BUST ‘,[BAOWSY SIT pue syeueyo] ur udadixp yo s8urddex] sdezang,,

*(LL61) spInyg °sAyqd 03 pa3itwqng cuosmeq ‘W'[L § JouBey °L ‘exnuruwe)y °] ¢,,SOPON UII3Suxag 3Jo jmwvm uoI3BTNUIS,,
*(LL61) SEIT ‘0 ‘spIniy °sAyd

€997 *D'X B SOTBIOW °'['9 ¢, BUSB]J WIOFTUNUON ® UT SPISTJ OTIIOS[J PIzZI[EI0T PUB S3TITAR) A3ITSUSJ JO UOTIBISUIY,,
(LL61) Axenuer ‘saq -4-) ,Syeweyol VION UT SUOTBaY SSOT PUe SITQIQ A[ITIIRd,,

*o8ue] °L B 99T DA ‘,S9ABM 31JTIQ SSOTUOTSTIIO) JO UOTIBZTI[TIQeIS IEAYS I0F SISATRUY [IPOK,,

*(LL6Y) €£S¥ ‘6S 3391

A3y .mhnm .004 ‘DA Pue ajeaq ‘A°'r .:movoz M:.m.uﬁu._. TBUOTIST[TOD-TWIS PUB SSOTUOISIITIO)D mo UoTINIOA] hwuﬂwﬁﬁcz..
“(LL6T) ¥9T1 “0Z ‘SPINI4 ‘sAyq ‘satedoy "r'9 ‘,,98p3 euseld 9yl I UOTIBTPEY PTIqAH-I3moT 3o Buridno),,

*(LL6T) LSZ ‘v “*3397 °"say

‘Aydosy ‘1auuay °4°D § TITUOIO) °*A°q ¢,Pxoydsojzsuldel x93nQ s,x83tdnpe ur AITTTIqRIIEA W] JO SUTBTIQ I[QISSOd,,
‘18qroM °S°3 ‘,euSe[d PozIIdUZEN B UT 3D933J SATIOWOISPUOd Yl JO AI0dy]l PINIJ 9YL,

*19qIaM *'S°3q ‘,euserd pazijaudey B ur 3323333 9ATI0WOIIPUO BYL,,

*(LL6T) Sgv “‘8p °“Iasuj

JTFTIUSTIOS JO "AdY ‘UBUISNSH M § 192uUd3S °*1T°Y “OTAONII [ ¢,,9Q01d JY dUO) ddUBUOSIY ® :uws Aerdstq A3tsuag 30011(,,
*9L6T ‘°AON po33rtuqgns ¢ sAydoxisy § °oa3sy JO °ASY [enuuy ‘TITUOIO) °‘A°d B Touuady °*4°) ¢,91aydsolasuley s,xs3tdnp,,
*(LL6T) TPST 0Z SPINId °"SAyqd ‘997 °D°X § oyexqg *4°[ ‘,SOTITIIqeIsu] Surxes] jJo AIoayj JTILUTY,,

*ooweg ‘}°L ‘,SPIOT4 dT3auBey adejIng Aq JUSWOUTIUO) BUWSEBIJ,,

*(9L6T) S$6ST ‘LS “°S1319T A9y 'sAyq ‘Suoy °*A°'Y § uond) °H'g ‘,SEWSEI4 UT SIafe] a[qnog [BTIUSI04 JO UOTIBUWIOY,,
*(LL61) LS “T9 *s3397 'SAYd ‘19qIaM °S°3I ¢, SoAeM IS[ISTYM JO Burrauuey) JIos,,

“(LL6T) ‘St ‘P ‘*3397 ‘say 'sAydosn ‘Quioyl ‘W'¥ B BITEPQY-INOYsy ‘i

‘,uoT3e3TdIdaad Teloany uU03O0X4 SUWTL-3I2TNY 403 AITTTqEISU] UOIIO[IL)-uo] OT3IBISOIIDNA[F 3JO aduejxodw] ayl,,

*(946T) °390 IdY¥ Pue uoIsngj Iea[donN 03 pailjtuqng °“Suom ‘A'Y ¢, SeBUsSe[qd snosuaSowoyu] Y3ITm SUOT3IdBIAIUL d139uBewox3da1y,,
*(LL6T) STI8 ‘07 ‘SPINT4 *sdAyq ‘petaj °q‘'g

w .oosdw ‘AL qoog o R § .:mho.u.u.wz JTI33WOodH JI03F :o—.ﬂmz.«w.ma d13leqeIpy-uoN pPue SjueTIBAU] u.mudnﬁ.m‘glhuvho ho——uw_&:
*(LL61) 8y Ssjusumaysuj

OTJTIUSTOS JO MOTASY ‘BuoM “A°V § Ty 'H'g ‘unaxg ‘v°'y ‘,uoridalu] ewserq 103 PIatT4 apIny arodriyny adejing,,

S0£-9dd

v0£-9dd
£0£-9dd
20£-9dd

10€-9dd
00£-9dd
66Z-9dd

862-9dd
L62-9dd

962-9dd
S6Z-9dd
¥62-9dd
£62-9dd

Z6Z-9dd
162-9dd
06Z-9d4

68Z-9dd
88Z-9dd

L87-9dd
98Z-9dd
S82-9dd

¥8Z-9dd
£8Z-9dd
¢8¢-9dd
182-9dd
08Z-9dd
642-9dd

8.2-9dd
LL2-9dd

9LZ-9dd

SLZ-9dd




*8L61 ‘AIenuepr °*adusxajuo) Iaindwo) [eUOTIEN 8/61 943l JO SBurpasdoid
ay3 utr paystiqnd 2q OL °NM D-D PUB FINH ‘H'Y ‘uosmeq ‘W[ ., ‘WAISAS Ia3ndwo) IHD VION Y3 UO UOTIBINUIS BWSEJ,,
“8L61 ..A.Hw—a:mh. *3ISQISH ‘[°W Pue S9[Qe3dd °‘V'M .°2xy :0&0%0%: pPesind © woxjy M:whvﬂumum uosuoy] xaseq] NOU:

*LL61 ‘Iaquadaq ‘spInTd

*sAyq 01 ps9IITWQNS 'UOSMEBQ ‘[ PuUB Ny *D°D “II9Yd3TId °d ., ‘BUSBI{d o1qrssoxduo) ® uUr SITITIIqE3ISuUl a3ueyosxajuj,,
"LL6T ‘Iaquedaq ‘sOTSAyd

Teuorieandwo) JO ‘[ 3yl O3 PaIITWQNS ‘UOSMBQ ‘W UYOL Pue Y4AdaQ ‘N IOITA ,‘BUSBId Papunog I03 [9poN Ia3indwo),
997 *d "D PuB ‘I soueqg °V , ‘syeweyol VIO 9Y3l UT SUOTBIY SSOT PUB SITQIQ I[ITIIBd.,

*LL6T ‘19quadaQ ‘°3397 ‘AdY °sAyd

03 pe33TUqQNS 3q O] ‘UOSMEQ ‘W °f Pue ‘3neoqe] °N “f ‘ewrlel ‘L ,,‘PINId QHA UB UT SYD0US pIemIoj IaLeT-a[qnod,,

« ¢ : 5 €I9quaAON ‘uo
A493q I0IYTA ., ‘BurieoH Praghy Iemo 03 uotT3edT[ddy Y3ITM BUSB[4 POpUNOg UT SIAEN wwhmwsuw mouuuﬂ:aamwwwwnmnwwm

"LL6T ‘ISQUAAON ‘BITEPQY-INOYSy ‘W PUB TITUOIO) ‘A *J ,,“9UIT [eiinay adA3-X ue 3e UOTID9UUOIIY IATIONPU],,

"LL6T ‘IoquoAoN ‘BuoM 'y ‘I "TOA ‘sOTsAyq euselq [ejuewriadxg 03 uOTIINpOIIU],,

"I0TABL ‘[ “Y PUB USID T ,,‘SYEWEYOL UT Xn{Ful 1) Jo A3orodoy,

‘x01Ael ‘[ ‘Y PUB SSTBION ‘[ 9 ,,‘I0JOIJEN UT SIPOW USAFTY 3Isej Jo uorjeSedoxg pue SBurydno) euusjuy jo ASULTITFIH.,
*I0TARL ‘[ "W PUB USIQ °T , ‘SYBWEYOL JIO0JOIDEBW-IO0IOIDTW UT UOTIBIPEY SUIT PIATOS3Y swrl-odeds,,

*LL6T ‘I990320

‘JueIQ °d pue Sinquajsey °M ,,‘SI0IOBIY PTIGAH UOTSSTJ-uorsnj Tenidasuo) I0F SUOTIBIIPISUO) L33jes owos,,

*LL6T ‘X9q03d0 “°3397 "AdY °"sAyq 03 palirmqng 937 ‘D ‘A

puU® BUIW X . S9ABM SATIOOAUO) JO UOTIBWIO] PUB SIABM 3FTIQ dATSIadstIg A18u0als Jo AITTTQe3ISU] [BUOTIBINPON,,

*LL6T ‘X9Qq030Q ‘ToUUd) ‘4 ‘D pu® BITePQY-INOYSY ‘W ,,‘U0TIeITdIda1g [eloiny asny3ytd.

*LL6T €19q03d0 ‘uosMeq ‘W ‘[ ., °SI01DedY JIBI[ONUOWIIY] I0J SwaIsAs Iysteilg Suo] paddny, pud,,

*LL6T ‘Isn3ny

‘spinfg ‘sAyd 01 palTuUQNS ‘SITBION ‘[ ‘9 Pue UATAAZ,@ ‘W . ‘Suolrios Irnudue apnitiduy 98xe7 jo sayizadoid,,

*LL61 ‘Iaquaideg €339 “AdYy

; *sAyd 03 polITUQGNS ‘UBWUIIYSY °M PUB [92ZUd3S °7T ‘Y , ‘BUSBIJ IUSINQINL B JO AITATISISIY pue UOTISNIIT( Snofeuwouy,,
‘euWT(Rl °L ., SOTIIAWOdY IITUTJ YITM WA3ISAS BUSB[J-WESg UOIIDITF OTISTATIRIAY ® JO Axody] L3rirqels,,

‘uosmeq ‘W ‘' pPue eutfel ‘] ‘Jn90qaT °N ‘[ ,,‘SBUSE[d JO UOTIBINWIS PIN[4 103 2po) IIJTIIed dTweukpoipAycisulen V.,
‘OYeW 4 pue

; eurlel °L . ‘AIepunog OT[Te3I9W ® YSnoay] weag uoIIdA[g PpozT3Ioudey OTISTATIIBISY ®B JI0J [BTIUSI0J IUSISTSUOD-FISS,,
w*LL6T “TIT1 - L I9QUAAON ‘sOTsAyq ewseld

JO UOTSTAT(Q A319T00S§ [BOTSAYd uedTIdwy 3yl jo SuTiasy eIUB[IY IB PIjuUasaxd aq o3 siodeq - sIdBIISqQY uu:aww<:

*LL6T ‘Isn3ny

‘spIniq °sAyqd o3 palltuqng “uTT ‘L 'V ,,“S9TIT[IqEIsSu] BurIed] S[qnOQ PUB USAFTY IFTIQ JO UOTINTOAZ IBIUTTUON,,

*LL6T €3asndny €°1397 A9y °sAyqd o3 paljtuqng ‘uo3sar883 °'q pue ‘Buna °d ‘SuoM "X 'V ,,SUOTIOBIIIU] UOITABRD-I[ITIXER(,,
*spIn[q "sdyq o3

pelltuqns ‘euwty ‘)Y pue ewt(el ‘I ,,“BIPON SnosuaSomoyu] ut AITTTQRISU] UOIIOTIA) UOI-USAFIV 9Yl JO UOTIBZI[IQEIS,,

*LL6T ‘Atnf  ‘ojeag ‘4 [ ,,°S309333 [eproIo] Aq sapoy 3urxes) jo Burydnod,

*jusXY0 °d pue ‘Sxoquaisey ‘' ‘M ,,°SI03OBIY IAIMOJ uorsng yeweyo] (enideduo) I0F SUOTIBIIPTISUO) A39FeS dWOS,,

‘uew[yn ‘Z 'V pue ‘3Iduyds ‘W ‘Aad7 °I °S

‘uey) ‘) D ‘uolaxg °d ‘s3zod ‘J L 4, °SI030BIY JeI[ONWOUIIY] PI[[OIIUO) JISEBT UL SUOTIBIIPTISUO) £333es auwos,,

‘spintd °s4Ayd 03 palituqng ‘nt S D pue ‘nsy ‘X ‘f ‘meY ‘N °d

‘pI0o3IAYINY ‘H *d ‘UBYD T ‘99T "D ‘K ‘ONBIQ ‘4 L ., ‘OPOW SATISISAY [ = W [EUIRIU] Y3 JO AI03Y]L OTIBUTN.,

v£€-9dd
££€-9dd

Z££-9dd

1€££-9dd
0££-9dd

62£-9dd

82£-9dd
L2£-9dd
9Z£-9dd
SZ€-9dd
¥Z£-9dd
£2£-9dd

¢Z£-9dd
12£-9dd
0Z£-9dd
61£-9dd
81£-9dd
i
L1£-9dd
91£-9dd
ST£-9dd
p1€-2dd
€£1£-9dd

clE-ddd
11€-9dd

01£-9dd
60£-9dd
80£-9dd

L0£-9dd

90£-9dd




T

e

.

*(8L6T) YdIeW ‘°S3397 A9y "SAyq 03 paljtuqng 317 DX
pue ‘339Yyd3Tagd ‘7°d ‘ofeIg ‘A°f ,,‘h JUBISUOD JO SUOTIBIOTA :SOTIT[TqeIsu] BurIeaj JO UOTINTOAZ IBIUT[UON,,
*(8L6T) YdIeW ‘[aUUdY ‘4°) PUE UNKH ‘S ,“BUSB[d PINTJ OML OTISTATIE[SY IOH B UT SdAey apniT[duy [ews,

: *(8L61) Udxey ‘errepqy-Inoysy
‘W PUB ‘T3TUOIO) ‘A°d ‘A99TBY ‘Y'Y ., ‘[Tel dtzeydsozsudel 9yl UT UOTIOAUUODIY SPON Buries] aAatrsordxg,,

"8L61 ‘Axeniqag “spIn(d °"sAyqd 03

po33Tuqns ‘SafBION ‘L°D pue ‘uosMmeq ‘W'l ‘Y4290 “N°'A ‘rBWSEId SITUT] B UT SIAEBM PTIIQAH IomOT 3JO uoTIeITIXY,,
-9/61 ‘Aienzqed *(30a 'S'N U3 £q) ,,61 ‘euusxep ‘doysyIoq A103yl Yeweyoy e32§-YSTH Y3 3O

s8uTpe9d0ld 9yl UT peystiqnd 9q OL ‘WeQUBA ‘M'[ PuU® 237 "D°A ., °SITITIIqRISU] Sutuoorreg jo AIoayl OTIBUTLY,
‘gL61 ‘Areniqai *(S047)) UOTSN{ JueWLUTIUO) [BTIIAUI Jo Surlesn [edtdol Jo sBurpasdorqd syl ut paystiqnd aq ol
“Jne0qa7 ‘N'r pue ‘eury ¥ ‘ewifel ‘1 ,,‘A3TTTqeasul IojAel-yStardey oyl Aq UOTIBRISUAY PIAT4 OTIduBe,
‘8,61 ‘Axenuepr ‘spiny4 °‘SAYd 03 Pa3Tuqns ‘syexqg °J°[ ,,°SOTITIIqEISUI [BUIdIU] [ = w JOo AI0dY] ITIBUTY,,

Tv£-2dd
0v€-9dd

6££-9dd
8£€-9dd

L££-9dd

9£€-9dd
S£€-9dd

e A ————————




| Lot | ALY IC ALION O lm;. |‘A‘-.| (When Iln—u bl-ululm-uﬂ
‘: ? REPORT DOCUMENTATION PAGE RER R COMMLETING FORM
: VOO ORY NUMIN R 2. GOV ACCESSION NOJ 3. RIECIIENT'S CATALOG NUMDI R
S
; > 4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
: ' . .
EXCITATION OF LOWER HYBRID WAVES IN A Technical
FINITE PLASMA 6. PERFORMING ORG. REPORT NUMBER
4 PPG-338
4 7. AUTHOR(s) 8. CONTRACT OR GRANT nuyiei(-)
: N00014-75-C-0476 POO
: V.K. Decyk, J.M. Dawson and G. J. Morales £00004
: 9. PERFORHING.ORGANIZATION NAME AND ADDRESS : 10. ::ggR.AgoianﬁssrTT.NPuR“O'JEEg:. TASK
: Physics DepartmentY
£ University of California
} Los Angeles, California 90024
% 11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
: ONR February, 1978
| Physics Program Office 13. NUMBER OF PAGES
Arlington, Virginia 22217 _ 41
4. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Oflice) 1S. SECURITY CLASS. (of thie report)
| Unclassified
;’ 1Sa. DECLASSIFICATION/ DOWNGRADING
{ SCHEDULE
A 16. DISTRIBUTION STATEMENT (of this Report)
5 ; Approved for public release; distribution unlimited

I~

. DISTRIBUTION STATEMENT (of the abetract entered In Block 20, if dilferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and identily by block number)

RF Heating

\\A Electromagnetic Waves in Plasmas

IELAOSTRACT (Continue on reverse side If necessary and Identity by block number)

computer simulation study of the launching of lower hybrid waves by
external sources and their propagation in a finite but homogeneous plasma
slab is presented. The study makes use of a 2-% dimensional, electrostatic
particle code developed for simulation of bounded plasma. A number of
antenna configurations are considered: a point source, two finite-length
capacitor plates, and a phased array of capacitor plates. When the oscilla-
e ting frequency does not match a bounded plasma resonance, one can obse

TVe ?
w g')g:'” "73 EDITION OF ' NOV 65 IS OBSOLETE

. S/N 0102- LF-014- 6601 SECURITY CLASSIFICATION OF THIS PAGE (When Date En

et e 1 o e i . .




. Continued.
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| resonance cones, energy absorption at the plasma surface, ion

| cyclotron modulation of the source, and energetic ions, depending

on the parameters chosen. The excitation of a bounded plasma resonance
is also considered. The nonlinear evolution of the resonance shows
that wave-particle interactions and ponderomotive force effects play

an important role. The possibility of controlling the electron temper-
i ature profile is discussed.
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